Metabolism of polycyclic aromatic hydrocarbons and steroids in epithelial tissues in relation to their effects by Goos, C.M.A.A.
PDF hosted at the Radboud Repository of the Radboud University
Nijmegen
 
 
 
 
The following full text is a publisher's version.
 
 
For additional information about this publication click this link.
http://hdl.handle.net/2066/148113
 
 
 
Please be advised that this information was generated on 2017-12-05 and may be subject to
change.
METABOLISM OF 
POLYCYCLIC AROMATIC HYDROCARBONS AND STEROIDS 
IN EPITHELIAL TISSUES IN RELATION TO THEIR EFFECTS 
DOOR 
CM.A.A. GOOS 

METABOLISM OF 
POLYCYCLIC AROMATIC HYDROCARBONS AND STEROIDS 
IN EPITHELIAL TISSUES IN RELATION TO THEIR EFFECTS 
PROMOTOR: Prof. Dr. H. Bloemendal 
CO-REFERENT: Dr. A.J.M. Vermorken 
METABOLISM OF 
POLYCYCLIC AROMATIC HYDROCARBONS AND STEROIDS 
IN EPITHELIAL TISSUES IN RELATION TO THEIR EFFECTS 
PROEFSCHRIFT 
TER VERKRIJGING VAN DE GRAAD VAN DOCTOR IN 
DE WISKUNDE EN NATUURWETENSCHAPPEN AAN 
DE KATHOLIEKE UNIVERSITEIT TE NIJMEGEN, OP 
GEZAG VAN DE RECTOR MAGNIFICUS PROF. DR. 
P.G.A.B. WIJDEVELD VOLGENS BESLUIT VAN HET 
COLLEGE VAN DEKANEN IN HET OPENBAAR TE 
VERDEDIGEN OP DONDERDAG 11 FEBRUARI 1982 DES 
NAMIDDAGS OM 4 UUR 
DOOR 
CORNELIA MARIA ANTOINETTA ADRIANA GOOS 
GEBOREN TE BREDA 
drukkerij trio-print nijmegen bv 

Aan mijn ouders 
Ieder die een bijdrage heeft geleverd aan het tot stand komen van dít 
proefschrift wil ik graag van harte bedanken. Met name ben ik de mede-
werkers van de Werkgroep voor Cellulaire Differentiatie en Transformatie 
(Drs. P.J.J.M. Meterings, Drs. M.W.A.C. Hukkelhoven, Mw. H.M.J. Roelofs, 
Mw. E.W.M. Vromans en Mw. A.M.G. Markslag) erkentelijk voor de 
stimulerende discussies en de prettige samenwerking gedurende de 
afgelopen jaren. Ook de leden van de groep Toxicologie en de afdeling 
Farmacologie ben ik dankbaar voor hun steun in deze periode. 
Het Centraal Dierenlaboratorium heeft op uitstekende wijze zorg gedragen 
voor de huisvesting van de proefdieren. Speciale dank gaat uit naar de 
de heer B.P. Spaan en de heer G.F.J. Grutters en hun medewerkers voor 
de assistentie bij de proefdierexperimenten. Zeer erkentelijk ben ik 
Dr. P. Wirtz en Mw. H.M.T. Loermans voor hun bijdragen aan de histo-
logische experimenten. Verder ben ik Dr. P. Mier dankbaar voor het 
corrigeren van de Engelse tekst van verschillende hoofdstukken. 
Drs. J.J.G. Houben dank ik voor de samenwerking bij de experimenten 
welke in hoofdstuk 3 staan beschreven. Voorts wil ik de hulp noemen 
ondervonden van staf en medewerkers van de Medische Tekenkamer en de 
afdeling Medische Fotografie. De medewerkers van de Medische Bibliotheek 
ben ik dankbaar voor hun assistentie bij het verzamelen van de literatuur. 
Dit onderzoek was een project van de Werkgroep voor 
Cellulaire Differentiatie en Transformatie onder 
leiding van Dr. A.J.M. Vermorken. Het werd financieel 
gesteund door de Nederlandse Organisatie voor 
Zuiver Wetenschappelijk Onderzoek (Z.W.O.). 
contents 
GENERAL INTRODUCTION 
INTRODUCTION TO THE CHAPTERS 
CHAPTER I 
Hydroxylation of dehydroepïandrosterone in human 
scalp hair follicles 
CHAPTER 2 
Metabolism of benzo(a)pyrene in isolated human 
scalp hair follicles 
CHAPTER 3 
Absence of induction of aryl hydrocarbon hydroxylase 
in mice after topical application of beclomethasone 
dipropionate 
CHAPTER 4 
Metabolism of benzo(a)pyrene in bovine 
lens epithelium 
CHAPTER 5 
The antiandrogenic effect of progesterone on 
the hamster flank organ 
CHAPTER 6 
A method for the evaluation of the local antiandrogen 
action of 5a-reductase inhibitors on human skin 
CHAPTER 7 
An improved method for evaluating antiandrogens 
CHAPTER 8 
Androgenic effect of testosterone and some of its 
metabolites in relation to their biotransformation 
in the skin 
CHAPTER 9 
Metabolism of benzo(a)pyrene in hamster flank organ 
SUMMARY 
SAMENVATTING 
CURRICULUM VITAE 1 1 5 

general introduction 
In the last decennia the increasing problem of cancer has gained more 
and more public attention. This is not surprising since in the actual 
situation at least in the Netherlands one out of four people dies from this 
disease: see Table (Centraal Bureau voor de Statistiek, 1980). 
Table 
Mortality by causes of death (percentage distribution) in the 
Netherlands (1978). 
Cause of death Males Females 
Infective and parasitic 
diseases 
Neoplasms 
- of respiratory system 
- of breast 
Diseases of the circulatory 
system 
Diseases of the respiratory 
system 
Diseases of the digestive 
system 
Accidents etc. 
0.5 
28.0 
11.3 
-
43.5 
8.0 
2.8 
6.0 
0.5 
24.7 
1.3 
5.1 
47.3 
5.6 
3.5 
5.1 
It has been estimated that about 80 % of all human cancers are caused by 
environmental factors. The major known factor is the use of tobacco. The 
implication of tobacco in the etiology of cancer has surprisingly been known 
for centuries. Already in 1761 Hill, an English physician (Hill, 1761) 
published that the use of tobacco could cause cancer: he described some 
cases of patients with cancer of the nose as a result of an excessive use of 
snuff-tobacco. In the middle of the nineteenth century more retrospective 
studies were carried out: the use of cigars and pipe tobacco was implicated 
in the etiology of cancer of the lip and cancer of the oral cavity (Kirkes 
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and Coole, 1850; Esmar<_h, 1874). However, the great outburst of tobacco-
related cancer was yet to come. At the beginning of the twentieth century the 
cigarette was introduced. The use of cigarettes became very popular and its 
presumed beneficial effects wore widely advertised (see Stock, 1980). About 
1950 the first investigations on the possible relationship between the use of 
cigarettes and lung cancer were started and in the following years more and 
more evidence for this assumption was gathered (Wynder and Graham, 1950; 
Doll and Hill, 1950; Hammond, 1966). By now it is generally accepted that the 
smoking of cigarettes results in an increased risk of getting lung cancer and 
cancer of the oral cavity and larynx (World Health Organisation, 1975). 
The obvious way to reduce mortality due to these forms of cancer is to 
stop smoking. However, in general the public is deaf to the warnings concerning 
the risk of cigarette smoking. Hence one should find a means to motivate at 
least some of the potential casualties to cease smoking: especially those in 
the highest risk group. 
It has been published that besides environmental factors genetic factors 
may play a role m the etiology of lung cancerì in laboratory animals it has 
been demonstrated that tie induiibility of the enzyme aryl hydrocarbon hydro-
xylase (АНН) is related to the tumor incidence (Thorgeirsson and Nebert, 1977). 
This enzyme can metabolite polycyclic aromatic hydrocarbons (present for 
example in cigarette smoke) to more h>drophilic products. During this process 
epoxides are formed that are considered to be the ultimate carcinogens. 
bxtensive experiments are needed to verify the existence of the relationship 
between АНН and cancer susceptibility in humans, using easily obtainable bionsy 
material. The initial experiments were carried out by using lymphocytes 
(KPHermann, Shaw and Luyten-Kellermann, 1973; Kellermann, Luyten-KeHermann 
and Shaw, 1973). However, later on these cells were shown not to be very 
suitable for this purpose (Paigen et al., 1977; McLemore et al., 1978). Since 
about 80 % of all human cancers arise from epithelial tissues and the metabo­
lism of polycyclic aromatic hydrocarbons differs from cell-type to cell-type 
(van Cantfort and Gielen, 1975), it seems more logical to use an epithelial 
tissue for determining the relationship between АНН and tobacco-related 
cancers. In this respect the human hair follicle is a very useful biopsy 
material as will be demonstrated later. 
Another factor that may play a role in the susceptibility towards cancer 
is the hormonal status (Yamamoto and Weisburger, 1977). Hormones may be 
important in the promotion of suppression of the pre-cancerous state. The 
role of hormones in the etiology of cancer has been studied most extensively 
in breast cancer. Despite the fact that the results of these investigations 
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are not yet very comprehensive, it is very likely that both hormonal and 
environmental factors play a role in this type of cancer (Dao, 1969; Dao, 1971). 
In order to study the interrelationship between the latter factors, it would 
be useful to possess a model that allows the investigation of the local effect 
of the application of carcinogens and hormones. As far as an animal model is 
concerned the hamster is promising for this kind of studies, since the hamster 
skin possesses so-called flank organs: paired structures on the back of the 
animals, near the costo-vertebral angle. In the female these structures are 
undeveloped, slightly pigmented and small (about 2 mm in diameter); in the 
male the flank organs are deeply pigmented areas of about 6 mm in diameter. The 
response of flank organs to hormonal influences (especially androgens and 
antiandrogcns) has been studied extensively. Moreover, this system permits a 
variety of experiments involving topical or systemic administration of either 
a hormone, a carcinogen or the combination of both. Since it has been demon-
strated that in the hamster tumors of the skin can be induced by topical 
application of polycyclic aromatic hydrocarbons (Rappaport, Pietra and Shubik, 
1961), it may be possible to induce tumors in the flank organ. These tumors 
most probably would be hormone-dependent. The system obtained as such may be 
highly efficient to study the relationship between environmental factors, 
hormonal factors and cancer and would, moreover, allow testing of the useful-
ness of drugs in the treatment of androgen-dependent tumors. In this thesis 
we have attempted to lay the foundation for this kind of work. It appeared 
to be necessary to further investigate several parameters in the hamster flank 
organ in relation to metabolism and effect of steroids and polycyclic aromatic 
hydrocarbons. Moreover, it was necessary to compare the metabolism in the 
hamster with that in humans and those animals used previously for these 
experiments. 
REFERENCES 
van Cantfort, J. and Gielen, J., Organ specificity of aryl hydrocarbon hydro-
xylase induction by cigarette smoke in rats and mice. Biochem. Pharm., 
24 (1975) 1253-1256. 
Centraal Bureau voor de Statistiek. Compendium Gezondheidsstatistiek Nederland 
1979. Ministerie van Volksgezondheid en Milieuhygiëne, Staatsuitgeverij 
1980, 's-Gravenhage. 
Dao, T.L., Studies on the mechanism of carcinogenesis in the mammary gland. 
Prog. Exp. Tumor Res., Π (1969) 235-261. 
Dao, T.L., Inhibition of tumor induction in chemical carcinogenesis in the 
mammary gland. Prog. Exp. Tumor Res., 14 (1971) 59-88. 
Doll, R. and Hill, A.B., Smoking and carcinoma of the lung. A preliminary 
report. Brit. med. J., ii (1950) 739-748. 
13 
hsmarch, Verh. deut. Ges. Chir., 3rd Congress (1874) p. 6. 
Hammond, E.G., Smoking in relation to the death rates of one million men and 
women. Natl. Cancer Inst. Monogr., 19 (1966) 127-204. 
Hill, J-, Cautions against the immoderate use of snuff, founded on the known 
qualities of the tobacco plant; and the effects it must produce when 
this way taken into the body, and enforced by instances of persons, who 
have perished miserably of diseases occasioned or rendered incurable by 
its use. 2nd ed. London (1761). 
Kellermann, G., Luyten-Kellermann, M. and Shaw, CR., Genetic variation of 
aryl hydrocarbon hydroxylase in human lymphocytes. Am. J. Hum. Genet., 
25 (1973) 327-331. 
Kellermann, G., Shaw, CR. and Luyten-Kellermann, M., Aryl hydrocarbon hydro­
xylase inducibility and bronchogenic carcinoma. N. Engl. J. Med., 289 
(1973) 934-937. 
Kirkes and Coole (1850). See: Lickint, F. Tabak und Organismus. Handbuch der 
gesamten Tabakkunde. Hippokrates-Verlag, Stuttgart (1939) p. 641. 
McLemore, T.L., Martin, R.R., Wray, N.P., Cantrell, E.T. and Busbee, D.L., 
Dissociation between aryl hydrocarbon hydroxylase activity in cultured 
pulmonary macrophages and blood lymphocytes from lung cancer patients. 
Cancer Res., 38 (1978) 3805-3811. 
Paigen, G., Gurtoo, H.L., Minowada, J., Houten, L., Vincent, R., Palgen, Κ., 
Bejba Parker, N., Ward, E. and Thompson Hayner, N., Questionable relation 
of aryl hydrocarbon hydroxylase to lung cancer risk. N. Engl. J. Med., 
297 (1977) 346-350. 
Rappaport, H., Pietra, G. and Shubik, P., The induction of melanotic tumors 
resembling cellular blue nevi in the Syrian white hamster by cutaneous 
application of 7,12-dimethylbenz(a)anthracene. Cancer Res., 21 (1961) 
661-666. 
Stock, S., The perils of second hand smoking. New Scientist, 88 (1980) 10-13. 
Thorgeirsson, S.S. and Nebert, D.W., The Ah locus and the metabolism of 
chemical carcinogens and other foreign compounds, In· Advances in Cancer 
Research (Klein, F. and Weinhouse, S., eds.) Volume 25 (1977) Academic 
Press, New York. 
World Health Organisation, Smoking and its effects on health, Report of an 
Expert Committee, Technical Report Series 568, Geneva, World Health 
Organisation (1975). 
Wynder, E.L. and Graham, E.A., Tobacco smoking as a possible etiologic factor 
m bronchiogenic carcinoma. A study of six hundred and eighty-four 
proved cases. JAMA, 143 (1950) 329-336. 
Yamamoto, R.S. and Weisburger, Ε.К., The role of hormones in digestive and 
urinary carcinogenesis. Ree. Prog, in Horm. Res., 33 (1977) 617-653. 
14 
introduction to the chapters 
Many environmental pollutants and other xenobiotics are very hydrophobic 
chemicals that have to be converted to polar metabolites before they can be 
easily eliminated by means of the excretory system of the organism. The first 
step in the degradation of hydrophobic compounds is the introduction of one 
or more polar groups (such as hydroxyl groups) in the hydrophobic parent 
molecule. Subsequent conjugation reactions result in the formation of products, 
sufficiently polar for excretion from the cell and from the body (Williams, 
1959). 
The most important enzyme system in the primary degradation of xenobiotics 
consists of a group of enzymes known collectively as the cytochrome Ρ 450-
mediated monooxygenases. This group of enzymes metabolizes a wide range of 
compounds: polycyclic aromatic hydrocarbons, such as benzo(a)pyrene (present in 
city smog, cigarette smoke and charcoal-cooked foods), insecticides, most drugs, 
both endogenous and synthetic steroids etc. (Nebert and Jensen, 1979). The 
metabolic conversion of these compounds can result in the transformation of a 
reactive parent molecule into an inactive product. Alternatively, an inert 
parent compound can be converted to a reactive or toxic intermediate as in the 
case of the polycyclic aromatic hydrocarbons: during their biotransformation 
transiently formed epoxides can react forming covalent bonds with cellular 
macromolecules, thereby leading to toxic effects, mutation and eventually 
cancer. In laboratory animals it has been demonstrated that individual 
differences in the rate of hydroxylation of polycyclic aromatic hydrocarbons 
are involved in determining the susceptibility to carcinogenesis by these 
agents (Nebert and Jensen, 1979). Attempts to confirm this relationship in 
man have not been very succesful up till now. This may be caused by the fact 
that the experiments were carried out on lymphocytes which were shown later 
on to Jbe rather inadequate for this purpose (Kellennann, Shaw and Luyten-
Kellermann, 1973; Paigen et al., 1977; McLemore et al., 1978). 
Since carcinomas arise in epithelium and are the predominant forms of 
human cancer, it would be more promising to look for a biopsy tissue of 
epithelial origin. Such a tissue is the human scalp hair follicle. 
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Hairs develop in the epidermis and form a complex entity of cells in 
various stages of differentiation. The relatively undifferentiated epithelial 
cells at the base of the hair form eventually the hair shaft that consists of 
a dense accumulation of keratin molecules. This arrangement makes the hair one 
of the most solid structures of the human body. The hair follicle is embedded 
in the skin and is surrounded by the hair sheath, which is continuous with the 
epidermis. At the base the hair follicle broadens around the dermal papilla, 
In the zone near the dermal papilla (the matrix) cell division is continuously 
taking place and the cells gradually differentiate into the different struc-
tures in the hair: medulla, cortex, cutícula and inner root sheath. The outer 
root sheath is separated from the connective tissue of the dermis by a basal 
membrane, A hair does not grow continuously; after 3 to 5 years of growth 
(anagen phase) a period of degeneration starts (catagen phase). The dermal 
papilla becomes detached from the matrix of the hair root which gradually 
hardens. This stage of the growth cycle {telogen phase) ends with the hair 
falling out. On the dermal papilla a new hair is already starting to grow, 
taking the place of its predecessor. 
Figure 
Diagram of a hair in a hair foltiolej 
showing the distribution of soft and 
hard keratin and the keratogenous 
zone in which the hard keratin of 
the hair is produced, 
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In order to ascertain the suitability of the hair follicle for the 
determination of the relationship between the hydroxylation of polycyclic 
aromatic hydrocarbons and the susceptibility towards cancer, it is necessary 
to demonstrate the presence of a monooxygenase system in this tissue. In 
Chapter 1 the hydroxylation of dehydroepiandrosterone (a naturally occurring 
steroid hormone that is synthesized in the adrenal cortex) is studied. The 
hydroxylation reaction resulting in the formation of 7a-hydroxydehydroepi-
androsteronc shows all the characteristics of a monooxygenase system: 
1. it is found in the particulate fraction of the hair follicle, 
2. it is inhibited by carbon monoxide and the cytochrome P450 
inhibitor metyrapone, 
3. it appears to be dependent upon NADPII. 
The presence of an enzyme system capable of metabolizing endogenous substrates 
does, however, not automatically indicate that xenobiotics are metabolized 
similarly, since it has become evident that these key metabolizinp enzymes 
exist in multiple forms with different but overlapping substrate speci ficitieb 
(Lu and West, 1979). Therefore, the metabolism of Ъеп7о(а)ругепе in hair 
follicles is examined. In Chapter 2 it is shown that scalp hair follicles are 
indeed capable of metabolizing polycyclic aromatic hydrocarbons by means of a 
monooxygenase system. This result opens up possibilities to use this readily 
available human tissue for the determination of the relation between aryl 
hydrocarbon hydroxylase (АНН) levels and susceptibility towards cancer ciused 
by polycyclic aromatic hydrocarbons. The metabolism of polycyclic aromatic 
hydrocarbons appears to be controlled by tissue-specific regulatory mechanisms 
(van Cantfort and Gielen, 1975). In order to evaluate the results found in 
experiments using human scalp hair follicles it would, therefore, be necessary 
to compare the metabolism of benzo(a)pyrone in scalp hair follicles with that 
in other tissues of epithelial origin, especially those tissues that are the 
main sites of exposure to environmental pollutants: the skin and the lungs. 
In laboratory animals the occurrrnce of tumors in lung and skin after topical 
application of polycyclic aromatic hydrocarbons was clearly demonstrated 
(Koun et al., 1974; Henry et al., 1973). In Chapter 3 the metabolism of 
benzo(a)pyrene in mouse lung and skin is described. The basal metabolism was 
found to be similar to that in human hair follicles. 
Although cancer of skin and lung are the most studied hazards of exposure 
to environmental pollutants, other types of damage may occur, depending on 
the tissue exposed. For instance, in the eye lens, an organ which never 
develops cancer, cataract formation after exposure to drugs has been described 
(Shichi et al., 1978), probably due to the formation of epoxides in the 
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degradat-ion of these drugs. In Chapter 4 the presence of a monooxygenase 
system, that allows for the formation of epoxides in the eye lens, is 
demonstrated. 
Limited treatment with a carcinogen causes conversion of a few epithelial 
cells into "latent tumor cells", which remain in a dormant state and require 
further stimulation to develop into a tumor. A "two-stage" mechanism is thus 
conceived, the process of "initiation" triggered by a carcinogen and a 
succeeding process of "promotion" induced by one or more agents enhancing the 
development of "latent tumor cells" into a visible tumor (Marx, 1978). It is 
evident that somewhere along the pathway, completion of carcinogenesis can be 
interfered with. The action of hormones is a factor that can interfere with 
the formation of a tumor, The role of hormones as modifiers m chemical 
carcinogenesis is two-fold 
1. the hormone can modify the metabolism of the chemical 
carcinogens, 
2. the hormone can modify the course of tumor formation after 
the pre-cancerous lesion has been induced (Yamamoto and 
Weisburger, 1977). 
The metabolism of steroid hormones per se may also play an important role in 
their ability to modify carcinogenesis. To determine the effect of steroid 
hormones on chemical carcinogenesis in skin and lung it is therefore necessary 
to study the effect and the metabolism of these steroids in those tissues 
per se. 
A widely used model system for the testing of the androgenic or anti-
androgenic effect of steroid hormones is the hamster flank organ, which is a 
sebaceous structure. Like the sebaceous gland in the human and other species 
it is androgen-dependent. The organ m the mature male hamster measures 
approximately 6 mm, is heavily pigmented and is covered with coarse, dark 
hairs. The organ of the female is less developed, measuring about 2 mm in 
diameter and is lightly pigmented. Application of androgens to the female 
flank organ causes enlargement. In Chapter 5 the effect of progesterone on the 
stimulation of the female flank organ by androgens is investigated, using the 
routine test as described by Voigt and Hsia (1973): i.e. the size of the 
pigmented spot is correlated with the androgenic or antiandrogenic effect of 
the steroids applied. 
The mechanism by which progesterone blocks the stimulatory effect of 
testosterone in the inhibition of the formation of 5a-dihydrotestosterone, 
The гп vitro effect of progesterone on the conversion of testosterone into 
5a-dihydrotestosterone is described in Thapter 6, using the human scalp hair 
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follicle as biopsy material. 
When the hamster flank organ is used for carcinogenesis studies (studying 
changes at cellular level) it is insufficient to use only a gross examination 
of the size of the pigmented spot. For better evaluation of changes in the 
sebaceous structures it is necessary to introduce histological techniques. In 
Chapter 7 the use of quantitative histological measurements for improved 
evaluation of the androgenic or antiandrogenic effects of topical applied 
steroids is described. It has previously been demonstrated that the metabolism 
of the applied steroid hormone may play an important role in determining the 
response. In Chapter 8 several metabolites of testosterone are assayed in the 
hamster flank organ test and the results found are correlated with the 
metabolism of these steroids in the hamster flank. 
In Chapter 9 we indicate shortly that the hamster skin contains АНН 
activity and that the metabolism of polycyclic aromatic hydrocarbons is 
comparable to that found in other epithelial tissues. In conclusion, the иогк 
presented in this thesis may provide a basis for the use of the hamster flank 
organ and skin in studies of some hormonal influences in chemical carcino­
genesis. 
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chapter 1 
HYDROXYLATION OF DEHYDROEP1ANDROSTERONE IN HUMAN SCALP HAIR FOLLICLES 
SUMMARY 
The dchydrocpiandrosterone hydroxylat ing enzyme system in the hair follicle 
has been characterized. It is found in the particulate fraction of the follicle, 
and is inhibited by carbon monoxide and the cytotbrome P450 inhibitor metyrapone, 
and appears to be dependent upon NADPH. In these major characteristics the hair 
follicle enzyme is very similar to the liver monooxygrnase system. 
INTRODUCTION 
The hair follicle is commonly used as biopsy material for the detection of 
various genetic diseases such as Fabry's disease (Grimm, Wienker and Ropers, 
1976; Vermerken et al., 1978), the Lesch-Nyhan syndrome (Carrier et al., 1971; 
de Bruyn, Oei and ter Haar, 1974), galactosaemia (de Rruyn et al., 1977) and 
glucose-6-phosphate dehydrogenase deficiency (Romeo et al., 1976; Vermorken et 
al., 1979). In the last case the hair follicle is used for detecting a special 
kind of drug idiosyncrasy. One might wonder whether the hair follicle could 
also be used for the detection of other genetically determined différentes in 
drug sensitivity, for instance those based on deviations of drug metabolism. 
It has already been reported (Fazekas and Lanthier, 1971; Fazekas and 
Sandor, 1973) that the hair follicle metabolizes dehydroepiandrosterone. In 
this paper we characterize the hydroxylating enzyme which occurs in the parti-
culate cell fraction. 
MATERIALS AND METHODS 
Chermoals 
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Dehydro-(4- C)epiandrosterone (specific activity 55 mCi/mmol) was 
obtained from the Radiochemical Centre, Amersham, and was checked chromato-
graphically for radiochemical purity before each experiment. Unlabelled 
steroids were purchased from Sigma Chemical Company with the exception of 
7a-hydroxy-dehydroepiandrosterone, which was a gift from the Steroid Reference 
Collection M.R.C., London. Glucose-6-phosphate, glucose-6-phosphate dehydro-
genase, NADH, NADPH and NADP were obtained from Boehrmger Mannheim. Penicillin 
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G was obtained from Gist Brocades, the Netherlands. A solution of 3 g of PPO 
(2,5-diphenyloxazol) and 0.2 g of P0P0P (2,2'-p-phenylenbis(5-phenyloxazol)), 
both obtained from Merck, in I 1 of toluene was used as scintillation fluid. 
For thin layer chromatography G-1500 LS254 silica gel plates, obtained from 
Carl Schleicher & Schuil, were employed. Kodak X-ray XR-2 films were used for 
autoradiography. 
Tissue preparation 
Hair follicles were plucked from several areas of the scalp and only those 
with visible bulb and sheath were used. In some experiments (with intact 
follicles), the hair follicles were cut off just above the sheath and 
immediately immersed in incubation medium. However, in most experiments the 
cells of the hair follicle were stripped from the fully keratinized hair shafts 
and immediately placed in 50 μΐ Tris-HCl buffer (pH 7.5, 50 mmol/1). The tissue 
was homogenized by freezing (in acetone/CO ) and thawing five times. Unless 
otherwise indicated, the samples were centrifuged for 5 min at 10,000 rev/min 
and separated into a supernatant fraction and a pellet fraction. In the 
experiments concerning the subcellular distribution of enzymes, the sheath and 
the bulb were removed from the hair follicles and minced with the aid of 
scissors. The resulting material was homogenized and the homogenate was centri­
fuged at 200 g to remove tissue debris; the resulting supernatant was divided 
into a cytosol and a particulate fraction by centrifugation at 105,000 g for 
20 min. Incubations were then performed with both fractions. 
Microdinsection 
Freshly obtained hair follicles were dissected into four parts by cutting 
them through the middle of the bulb, just below the sheath and through the 
middle of the sheath (after stripping the sheath from the shaft). The four 
parts of the hair follicles are referred to as matrix, upper bulb, lower sheath 
and upper sheath, respectively. 
Incubation 
Radioactive DHEA (0.033 yCi) was added to the incubation mixture in 2 yl 
ethanol. The homogenized tissue was incubated in 0.2 ml 50 mmol/l Tris-HCl 
buffer, pH 7.5, containing 0.2 mol/1 sucrose, 100 units of penicillin G/ml and 
a NADPH generating system (1 mmol/l NADP, 20 mmol/1 glucose-6-phosphate, 1 unit 
of glucose-6-phosphate dehydrogenase/ml and 0.5 mmol/l MgCl ). In the experi­
ments with intact follicles. Basal Medium (Eagle) with 20 % inactivated fetal 
calf serum was used. The tissue was incubated at 37 С for 4 h under air. 
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Isolation of radiometabolites 
The incubation mixture was extracted three times with an equal volume of 
chloroform: methanol (2:1, v/v). The organic phases were combined and evapo­
rated to dryness under nitrogen. The steroids in the dry residue were 
redissolvcd in 10 μΐ ethanol, applied to thin layer plates and chromatographed 
with unlabelled carriers (solvent system: chloroform-ethanol, 19:1, v/v). The 
unlabelled steroids were shown up by spraying the plates with 1 % anisaldehyde 
solution in sulphuric acid/acetic acid (1:50, v/v) after which the plates were 
heated to 90 С for 5 min. The spectrum of metabolites was examined autoradio-
graphically by exposure of the plates to X-ray film. The autoradiographs were 
scanned with a Vitatron TLD 100 densitometer. For quantification of the results 
the areas of radioactivity wore scraped off the plates and transferred to 
counting vials, which contained I ml of methanol. For counting, 10 ml of 
scintillation liquid was added. The values given in the tables are averages of 
three determinations. 
RESULTS 
Formation of dehydroepianarostevone metabolites 
When isolated human scalp hair follicles were incubated with dehydroepi-
androsterone, five metabolites were formed, namely androstenedione, androstene-
diol, 7ci-hydroxydehydroepiandrosterone and two unknown metabolites tentatively 
designated X and X„ (Fazekas and I.anthier, 1971; Fazekas and Sandor, 1971). 
Androstenediol and 7a-hydroxydehydroepiandrosterone were the most important 
metabolites from a quantitative point of view (figure 1). 
When the hair follicles were incubated under a carbon monoxide atmosphere, 
the formation of 7a-hydroxydehydroepiandrosterone was strongly inhibited 
(figure 1 and Table 1). 
Incubation with metyrapone (100 wnol/1) or α-naphthoflavone (50 umol/l), 
which are inhibitors of cytochrome P450 and cytochrome P4A8 respectively, 
resulted in inhibition of 7a-hydroxylation only in the case of metyrapone 
(Table 1). The inhibitors were added in 2 ui ethanol in the case of metyrapone 
and in 2 ul acetone in the case of α-naphthoflavone. This amount of the 
solvents did not affect the dehydroepiandrosterone metabolism. 
Addition of different cofactors to incubations of hair follicle lysates, 
prepared by freezing and thawing (five times at -80 C) showed that the 
formation of 7a-hydroxydehydroepiandrosterone can be strongly stimulated by 
the addition of NADPH and to a lesser extent by NADP and NADH. The formation 
of androstenediol, on the other hand, was most strongly stimulated by NADH 
whereas NADP and NADPH stimulated it to a lesser extent (Table 2). 
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Figure 1 
Autoradiograph of a ahromatogram of the steroids extracted after 
inoubation of radioactive DHEA 
(a,a') without hair follicles, 
(b,b'i with hair follicles under air, 
(c,a') with hair follicles under carbon monoxide. 
ADION - androstenedione = 4-androstene-Z,i7-dione; 
DHEA = dehydroepiandrosterone - Sè-hydroxy-S-androstene-17-one; 
ADIOL = androstenediol = 5-androstene-3&117e-diol. 
Table 1 
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Metabolites of (A- C)dehydroepiandrosterone incubated with intact human 
scalp hair follicles 
Compound isolated 
Androstenediol 
7a-Hydroxydehydroep iandrosterone 
Under 
ai r 
885 
1243 
pmol forme 
Under carbon 
monoxide 
835 
17 
d/100 mg tissue/h 
With 
metyrapone 
850 
48 
With 
ot-naphtho-
flavone 
865 
1168 
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NADP stimulated the formation of both metabolites presumably because it is 
transformed into NADPH in the hair follicle lysates. This was confirmed by the 
addition of a NADP generating system to the incubation mixture. In this case) 
metabolite X and androstenedione were still formed; on the other hand formation 
of androstenedio1 and 7a-hydroxydehydroepiandrosterone had completely 
disappeared (Table 2). 
In all further experiments a NADPH generating system was added to the 
incubations. 
Table 2 
14„ Influence of cofactors on the metabolism of (4- C)dehydroepi-
androsterone by homogenates of human scalp hair follicles 
Cofactor 
pmol formed/100 mg tissue/h 
7a-hydroxy-DHEA ADIOL 
No cofactor added 
NADPH (I mmol/l) 
NADP (I mmol/l) 
NADH (1 mmol/l) 
NADPH generating system 
NADP generating system 
640 
1150 
990 
875 
1545 
50 
580 
1785 
650 
4460 
1970 
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The NADP generating system consists of 1 mmol/l NADP, 1 unit of 
glutathione reductase and 20 rmol/l oxidized glutathione. 
Subcellular distribution of the enzymes 
As can be concluded from Table 3 the enzyme responsible for hydroxylation 
appeared to be located in the fraction containing most cellular membranes. The 
androstenediol forming enzyme appeared to be present in both fractions; 
however, the main activity (about 85 %) appeared to be in the supernatant 
fraction. 
Distribution of the enzymes in the hair follicle 
The four different hair fractions were incubated and the relative amount 
of two enzymes in the different fractions was established. The results are 
presented in Table 4. 
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Table 3 
Subcellular distribution of the metabolizing enzymes 
Formation of metabolites 
Subcellular fraction 
cytosol 
pellet 
7a-hydroxy-DHEA 
17 
545 
ADIOL 
1474 
255 
pmoL formed / h / subcellular fraction originating from 
100 mg tissue. 
(One hundred hair follicles uere used. The homogenization 
was carried out m 50 mmol/l Tns-hCl buffer (pH 7 5) 
using a чтаіі Potter blvehjem homogemzer) 
Table 4 
Relative amount of enzyme activity in different parts of 
microdissected hair follicles 
Matrix 
Upper bulb 
Lower sheath 
Upper sheath 
Formation 
7a--hydroxy 
(%) 
17 
12 
36 
35 
of mei 
-DHEA 
tabolites 
ADIOL 
(%) 
6 
12 
40 
42 
Ratio between 
formation of 
7a-hydroxy-DHEA 
and ADI01 
4.04 
1.34 
1.17 
1.10 
DISCUSSION 
One of the major pathways of drug metabolism in the body is the liver 
microsomal drug metabolizing system that catalyzes the oxidation of many 
xenobiotic compounds and endogenous substrates such as steroid hormones. 
The enzymes involved are monooxygenäses in which cytochrome P450 has a key 
role. For the sake of genetic counselling it is of interest to know whether 
or not the hair follicle contains monooxygenase activity. 
From our results it may be concluded that a monooxygenase system is 
operative in hair follicles which is comparable to the corresponding system 
in liver. Therefore the hair follicle may be a useful test system for the 
examination of genetically determined differences in drug metabolism. 
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chapter 2 
METABOLISM OF BENZO(A)PYRENE IN ISOLATED HUMAN SCALP HAIR FOLLICLES 
SUMMARY 
Human sralp hair follicles contain an enzyme system that metabolizes the 
carcinogen benzo(a)pyrene. The major ethylacetate soluble metabolites are 
7,8-dihydro-7,8-dihydroxybenzo(a)pyrene, 9,lO-dihydro-9,lO-dihydroxybenzo(a)-
pyrene and 3-hydroxybenzo(a)pyrene. Addition of 1,1,1-trichloropropene-2,3-
oxide (TCPO), an inhibitor of epoxide hydratase, prevents the formation of the 
dihydrodiols. The overall metabolism can be inhibited by the addition of 
ct-naphthoflavone The metabolism of benzo(a)pyrene in a cell culture of human 
scalp hair follicles has also been investigated. The results show that the 
activity of aryl hydrocarbon hydroxylase (АНН) and epoxide hydratase (EH) is 
maintained in culture. 
INTRODUCTION 
Cigarette smoking is epidemiologically related to lung cancer (Steinfeld, 
1971; Wynden, Mushinski and Spivak, 1977). It is believed that the malignant 
transformation may be initiated by exposure of the bronchial epithelium to 
aromatic hydrocarbons such as benzo(a)pyrene which are present in cigarette 
smoke and have been shown to be capable of inducing malignant tumors m 
laboratory animals (Thorgeirsson and Nebert, 1977; Busbee et al., 1978). Poly-
cyclic aromatic hydrocarbons are metabolized in tissues to hydrophilic products 
by aryl hydrocarbon hydroxylase (АНН) (Thorgeirsson and Nebert, 1977). During 
this process, epoxides are transiently formed (Grover et al., 1971). Dihydro­
diols which oiiginate by hydration of the epoxides can be reoxidized to form 
diolepoxides. These very reactive intermediates are suspected as the ultimate 
carcinogens (Kapitulnik et al., 1977). 
It has been demonstrated that individual differences in the rate of 
hydroxylation of polycyclic hydrocarbons are involved m determining the 
susceptibility to carcinogenesis by these agents in laboratory animals (Thor­
geirsson and Nebert, 1977). In man attempts have been made to relate the 
susceptibility to lung cancer to aryl hydrocarbon hydroxylase inducibility in 
cultured lymphocytes (Guirgis, Lynch and Mate, 1976; Trell et al., 1976; Paigen 
et al., 1977, McLemore et al., 1977; Rasco et al., 1978). 
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Recent work, however, has demonstrated that the lymphocyte is not suitable 
for the АНН inducibility assay (Faigen et al., 1977; McLemore et al., 1977; 
Rasco et al., 1978; McLemore et al., 1978). Looking for biopsy material more 
appropriate to render the АНН assay applicable, we chose the hair follicle 
since this organ has already proven to be very convenient for detection of 
genetic disorders (de Bruyn et al., 1979). Another advantage of the hair 
follicle is its epithelial origin. Human carcinomas, the predominant forms of 
human cancer arise in epithelium. It has been suggested (Fox et al., 1975) that 
the prevalence of carcinomatous diseases in humans is due to the differential 
capacity of the epithelial cell to metabolize potential carcinogens to active 
forms, a capacity reduced in fibroblasts and other non-epithelial cells. We 
have shown previously the presence of monooxygcnase in the human hair follicle 
(Vermerken et al., 1979). In this paper we demonstrate that isolated human 
scalp hair follicles indeed are capable of metabolizing benzo(a)pyrene to 
dihydrodiols. 
MATERIALS AND METHODS 
Chemicals 
14 (7,10- C)Benzo(a)pyrene (specific activity 21.7 Ci /mol) was obtained 
from the Radiochemical Centre, Amersham, and was checked chromatographically 
for radiochemical purity before each experiment. Reference polynuclear aromatic 
hydrocarbon metabolites were a gift from the IIT Research Institute, Chicago. 
NADPH was obtained from Boehringer Mannheim. Penicillin G was obtained 
from Gist Brocades, The Netherlands. A solution of 3 g of PPO (2,5-diphenyl-
oxazol) and 0.2 g of POP0P (2,2-phenylenbis(4-methyl-5-phenyloxazol)), both 
purchased from Merck, Darmstadt, in 1 1 of toluene was used as scintillation 
fluid. For thin-layer chromatography, F60-254 silica gel plates (Merck) were 
employed. Kodak X-ray XR-2 films were used for autoradiography. a-Naphtho-
flavone and TCPO were obtained from Aldrich Chemical Company. 
Incubation 
Hair follicles were plucked from several areas of the scalp of males and 
females between 20 and 30 years of age. Only follicles with visible bulb and 
sheath were used for the experiments. For each incubation 30 hair follicles 
were immediately inmersed in 0.2 ml incubation medium (50 mM Tris-HCl buffer 
(pH 8.5), containing 0.2 M sucrose, 100 units of penicillin G/ml, 2 mM NADPH 
and 3 шМ MgCl,). Radioactive benzo(a)pyrene (0.03 uCi) was added to the incu­
bation mixture in 1 μΐ ethanol. The tissue was incubated at 37 С under air for 
1 h. 
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In those experiments where cultured hair follicle cells were used, approx. 
4 χ 10 cells were incubated in I ml incubation medium. The number of cells was 
determined using a Bürker-Türk counting chamber. 
Isolation of radiometabolites 
The incubation mixture was extracted 3 times with an equal volume of ethyl-
acetate. The organic phases were combined and evaporated to dryness under 
nitrogen. The residue was redissolved in 10 wl ethanol, applied to thin-layer 
plates and chromatographed in a toluene/ethanol mixture (9:1) together with 
reference metabolites. The references were visualized with UV-light. The 
spectrum of radiometabolites was examined autoradiographically by exposure of 
the plates to X-ray film. For quantitation of the results, the areas of radio-
activity were scraped off the plates and transferred to counting vials, which 
were filled with 1 ml of methanol. For counting 10 ml of scintillation liquid 
was added. 
Effect of inhibitors 
The effects of o-naphthoflavone (an inhibitor of АНН) and TCPO (an 
inhibitor of EH) on the metabolism of benzo(a)pyrene in hair follicles were 
tested. In these experiments the inhibitors were added to the incubation mixture; 
the final concentration of a-naphthoflavone was 100 yM and the final concen­
tration of TCPO was 2 mM. 
RESULTS 
Incubation of isolated human scalp hair follicles with radioactive benzo-
(a)pyrene results in the formation of several radiolabeled compounds (figure 1). 
Co-chromatography of these products with several known benzo(a)pyrene metabolites 
shows that the 2 quantitatively major metabolites have the same IL-values as 
9,10-dihydrodiol and 7,8-dihydrodiol, respectively. A third metabolic product 
has the R -value of 3-hydroxybenzo(a)pyrene. Formation of the metabolites is 
dependent on the pH of the incubation medium. For formation of the dihydrodiols 
an optimum is reached at pH 8.45 (figure 2). Further proof that the 2 major 
metabolites are indeed dihydrodiols is obtained by the fact that an inhibitor 
of EH prevents the formation of the major metabolites in the human hair follicle 
(Table 1). Concomitantly at the Rp-value of 3-hydroxybenzo(a)pyrene more radio­
activity is found. This is in accordance with the results in rat liver micro­
somes (Shimado and Sato, 1979). Upon addition of a-naphthoflavone, an inhibitor 
of P-448, none of the metabolites mentioned above is found. This is in 
accordance with the results of Rudiger et al. (1979) who studied АНН in human 
skin fibroblasts. 
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B P 
3 OH "Β Ρ Figure 1. 
Autoradiograph of a ohromatogram of 
the benzo(aipyrene metabolites 
extracted after incubation of radio­
active (7,10- C)benzo(a}pyrene 
without (A) and with human scalp 
hair follicles (B, C). 
7-8"ClïOl * ' BP> benzo(a)pyrene; 
3 OH-BP, Z-hydroxybenzo(a)pyrene; 
9-10-СіІОІ 7-8-diol, 7,8-dihydro-7,8-dihydroxy-
benzo(a)pyrene; 
9-10-diol, 9,10-dihydro-9,io­
di hydroxybenzo(aipyrene. 
В 
Hair follicle cells can be grown in tissue culture (Weterings et al., 1981). 
Figure 3 shows the results of an incubation of such cells with radioactive 
benzo(a)pyrene. It is evident that the IL-values of the metabolites formed in 
culture and in intact hair follicles are identical. Addition of TCPO and 
a-naphthoflavone to the cultured cells gives results comparable to those in 
intact follicles (Table 2). This shows that in both systems the same metabolites 
are formed. 
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Figure 2. 
Effect of pF of the meta­
bolism of benzo(а)рутепе in 
human scalp hair follicles 
(formation of dihydrodiols)· 
PH 
Table 1 
14 
Metabolites of (7,10- С)Ьепго(а)ругепе incubated with intact 
human scalp hair follicles 
Compound isolated pmol formed/yg DNA/h 
3-hydroxybenzo(a)pyrene 0.07 0.08 
7,8-dihydro-7,8-dihydroxy-
benzo(a)pyrene 0.38 0.05 
9,10-dihydro-9,10-dihydroxy-
benzoCa)pyrene 0,34 0.04 
with TCP0 with α-naphtheflavone 
0.02 
0.02 
0.02 
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Comparison of the metabolism of benzo(a)pyrene in human saalp hair follicles 
and in a cell culture of human saalp hair follicles. 
a : incubation without cells (blank) 
bjb': incubation with a cell culture of human scalp hair follicles 
c,o': incubation with human scalp hair follicles 
Table 2 
14 
Metabolites of (7,10- C)benzo(a)pyrene incubated with cultured 
human 
Compound iso 
hair 
lated 
toll icle cells 
pmol formed/106 
with 
cell: 
TCPO 
;/h 
with or -naphthoflavone 
3-hydroxybenzo(a)pyrene 9.70 10.85 0.06 
7 ,8-dihydro-7 »8-dihydroxy-
benzo(a)pyrene 13.54 0.45 0.08 
9,10-dihydro-9,10-dihydroxy-
benzo(a)pyrene 22.60 0.48 0.05 
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DISCUSSION 
The liver is generally regarded as the main organ involved in the bio-
transformation of xenobiotic compounds. However, drug-metabolizing activities 
have also been demonstrated in the skin. This is not surprising, because the 
skin may be considered as a major porte d'entrée of body-foreign compounds from 
the environment, including many toxic chemicals. 
The present results clearly show that hair follicles are capable of 
converting benzo(a)pyrene into 3-hydroxybenzo(a)pyrene, benzo(a)pyrene 7,8-
dihydrodiol and benzo(a)pyrene 9,10-dihydrodiol. Other metabolites of benzo(a)-
pyrene may also be formed during incubation with the follicle cells, but have 
not conclusively been identified in this study. From the observed requirement 
of oxygen, the role of NADPH as a cofactor and the effects of the specific 
inhibitor of cytochrome Р-А4Й a-naphthoflavone (Table 1), the conclusion seems 
to be warranted that benzo(a)pyrene is metabolized by the follicle cells through 
a monooxygenase system, mostly referred to as АНН. The intermediary epoxides are 
converted into dihydrodiols. Most probably these reactions are catalyzed by an 
EH, as may be derived from the influence of trichloropropene oxide on the 
dihydrodiol formation (Table 1). 
The formation of these metabolites is consistent with the metabolic fate 
of benzo(a)pyrene during incubation with cultured human skin cells (Fox et al., 
1975). Our results, therefore, indicate that the human scalp hair follicle is a 
useful subject in studies of cutaneous drug metabolism. This is in particular 
of practical interest, because the hair follicle is an easily obtainable biopsy 
material. 
The experimental data shown in figure 3 and Table 2 demonstrate that the 
АНН activity can be maintained on culturing the follicle cells. Undoubtedly, 
this finding opens up new possibilities to use hair follicle cells in studies 
of the inducibility of АНН in human skin, and enables to re-investigate whether 
or not there is any relationship between the susceptibility of man to chemically 
induced epithelial carcinomas and a genetically determined AHH-inducibility as 
originally suggested by KeHerman et al. (1973). 
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chapter 3 
ABSENCE OF INDUCTION Oi ARYI HYDROCARBON HYDROXYLASE IN MICE AÍTER TOPICAL 
APPLICATION OF BECLOMETHASONL DIPROPIONATE 
SUMMARY 
The effects of the topical application of beclontethasone dipropionate (a 
corticosteroid) on the aryl hydrocarbon hydroxylase (AHll) activity in epi-
thelial tissue (lung and skm) was studied. To evaluate the results of the 
pre-treatment with beclomethasone dipropionate a comparison was made with the 
effects of the topical application of benzanthracene (a polycyclic aromatic 
hydrocarbon and a known inducer of АНН activity). АНН activities were increased 
2.5 to 5-fold in lung and about 20-fold in skin of mice after topical appli­
cation of benzanthracene. However, after pre-treatment with beclomethasone 
dipropionate no induction of АНН activity could be observed, neither in lung 
nor in skin. The implications of these findings are discussed. 
INTRODUCTION 
Cigarette smoking has been shown to be epidemiologically related to lung 
cancer (Wynden et al., 1977) The malignant transformation is believed Lo be 
initiated by exposure of the bronchial epithelium to aromatic polycyclic 
hydrocarbons such as benzo(a)pyrene which are present in cigarette smoke and 
have been shown to be capable of inducing malignant tumors in laboratory 
animals. In most tissues polycyclic aromatic hydrocarbons are metabolized to 
more hydrophilic products by the enzyme aryl hydrocarbon hydroxylase (АНН). 
During this process, epoxides, probably more potent carcinogens than the 
hydrocarbons from which they are derived, are transiently formed. The diol-
epoxides, very reactive intermediates that may be the proximal carcinogenic 
hydrocarbons are formed through the remetabolism of initially hydroxylated 
dihydrodiols (Huberman et al., 1976). It has been demonstrated that indivi­
dual differences in the rate of hydroxylation of polycyclic hydrocarbons play 
an important role in determining the susceptibility to carcinogenesis by 
these agents in laboratory animals (Thorgeirsson and Nebert, 1977). 
It has been described that topical corticosteroids induce АНН in skin 
(Briggs and Briggs, 1973). If the same phenomenon would occur in lung, 
patients with chronic nonspecific obstructive lung disease (CNSOLD) using 
topical corticosteroids may be at an increased risk of lung cancer from 
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hydrocarbons with which they come in contact. Using two different methods we 
failed to observe any induction after topical application of beclomethasone 
dipropionate, neither in lung nor in skin. 
MATERIALS AND METHODS 
Maternais 
Benzo(a)pyrene (BP) was obtained from Aldnch Eurooe (Beerse, Belgium). 
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Radioactive (G- H)benzo(a)pyrene (specific activity 65 Ci/mmol) was purchased 
from the Radiochemical Centre (Amersham, England) and was purified chromato-
graphically before each experiment (Silicagel TLC; solvent system" toluene/ 
ethanol (9:1)). Benzanthracene was obtained from ICN К & К Labs (Plainview, 
N.Y., USA). 
Anima Is 
Male C3Hz mice (6-8 weeks) were obtained from the Central Animal Labora­
tory, Nijmegen, The Netherlands. 
Admmstration of benzanthraopne (ЗА} and beolomethasone агргоргопаір (SDP) 
A. Intratracheal instillation. 
For intratracheal instillation of BA and BDP, animals were anesthesized with 
chloralhydrate (4| % solution in water) and placed on special boards designed 
to hold their mouths open at a correct angle for instillation. After positioning 
of the animal, 100 yl of a BA- or BDP solution (2 mg/ml in 0.9 % sodium 
chloride/ethanol (9:1), supplemented with 5 )1 of Tween 80) was delivered to 
the lung through the trachea. Controls were instilled intratracheally with the 
solvent solution. 
B. Topical application. 
The mice were anesthetized with ether and shaved on the dorsal surface with an 
electric clipper. BA and BDP (125 pg in 100 gl of aceton/arachis oil (9:1)) 
were applied twice daily to the dorsal surface of the mice for a period of one 
week. Control mice were treated with the solvent alone 
Incubation 
At 24 hours after treatment animals were sacrificed by cervical disloca­
tion. The lung or skin was excised and washed with 0.9 % sodium chloride 
solution. The tissue was minced with the aid of scissors. In this crude prepa­
ration the aryl hydrocarbon hydroxylase activity was measured using two 
different methods (fluorimetncal measurement and radiochemical measurement). 
The f luorimetncal measurements were carried out according to the method of 
Nebert and Gelboin (1968). The radiochemical measurements were carried out as 
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described earlier (Goos et al., 1981). The only modification was that the 
(G- H)benzo(a)pyrene was diluted with unlabeled benzo(a)pyrene to a final 
concentration of 80 μΜ; 4 yCi was added to each incubation. 
DNA was determined according to the method of Burton (1956). Calf thymus 
DNA was used as a reference standard in the calculation of the DNA content. 
RESULTS 
The effect of the topical application of beclomethasone dipropionate, a 
corticosteroid, and benzanthracene on the A W activity in mouse lung was 
studied. In the АНН assay benzo(a)pyrene (BP) was used as substrate for the 
enzyme, using two different methods (fluorimetrical and radiochemical). In 
the fluorimetrical assay the formation of 3-hydroxybenzo(a)pyrene was measured, 
whereas in the radiochemical method the total organo-soluble metabolites were 
measured. An example of the pattern of radiometabolites is shown in figure 1. 
The effect of intratracheal instillation of BDP and BA on the BP-
metabolism is shown in Table 1 and Table 2. Both methods of АНН measurement 
gave similar results with regard to the formation of 3-hydroxybenzo(a)pyrene; 
the rate of 3-hydroxybenzo(a)pyrene formation was 1.2 pmol/pg DNA/hr in the 
control experiment (expressed as 100 % in Table 1 and Table 2). Instillation 
of BA resulted in a considerable increase in АНН activity; the induction 
ratio's found in our experiments are in accordance with the results of 
Mitchell (1980). It can also be seen that the induction ratio is dose-
dependent (for the doses used in these experiments). However, after 
instillation of BDP no induction, but rather a slight decrease in АНН activity 
could be observed. 
Since we failed to observe induction of АНН activity atter intratracheal 
instillation of BDP (that was claimed to be an inductor of АНН in skin by 
Briggs and Briggs (1973)), we decided to investigate the effect of topical 
application of BDP on the skin of mice; in mouse skin the same pattern of BA 
metabolites was found as in mouse lung (figure 2). The results of these 
experiments are shown in Table 3; after treatment with BA, the enzyme system 
in the skin was induced 20-fold, but after treatment with BDP no induction 
could be detected. These results with respect to BDP are in contrast with the 
findings of Briggs and Briggs (1973). A reason for this discrepancy could not 
be found. 
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Table I 
Lung АНН activity in C3Hz mice following intratracheal instillation of BA and BDP (100 ug dose) 
Method of measurement Product formed Control BDP-treated BA-treated 
Fluorimetrical method 3-hydroxybenzo(a)pyrene 100 ± 12 62 ± 7 282 ± 41 
Radiochemical method 3-hydroxybenzo(a)pyrene 
7,8-d ihyd ro-7,8-dihydroxy-
benzo(a)pyrene 
9,10-dihydro-9,10-dihydroxy-
benzo(a)pyrene 
100 ± 23 
49 t 12 
46 + 1 1 
56 ± 14 
2 1 + 6 
2 5 + 6 
245 + 29 
108 + 21 
79 ± 15 
the amount of 3-h.ydroxyber.zo(a)pyvene formed in the control experiment is 
expressed as 100 % (Means - Standard deviation). 
Table 2 
Lung АНН activity in C3Hz mice following intratracheal instillation of BA and ЕШР (200 pg dose) 
Method of measurement Product formed Control BDP-treated ВЛ-treated 
F l u o n m e t n c a l method 3-hydroxybenzo(a)pyrene 100 ± 12 67 ± 9 484 ± 62 
Radiochemical method 3-hydroxybenzo(a)pyrene 
7,8-dihydro-7,8-dihydroxy-
benzo(a)pyrene 
9,lO-dihydro-9,10-dihydroxy-
benzo(a)pyrene 
100 ± 21 
48 ± 11 
46 ± 10 
61 ± 12 483 ± 36 
20 ± 4 114 ± 20 
21 ± 4 76 ± 14 
the amount of 3-hydvoxybemo(ajpyrene formed гп the aontrol ехретгтепі гг 
expressed as 100 % (Means ± Standard deviatton). 
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Figure 1 
Autoradiograph of a ohromatogram of the ethylaaetate soluble metabolites of (G- H)benzo(a)pyrene in lung 
tissue of C3Hz miae: 
a: incubation without tissue (blank) 
b, b': incubation with mouse lung (control) 
c, c': incubation with mouse lung after intratracheal instillation of beclomethasone dipropionate (200 \ig) 
d, d': incubation with mouse lung after intratracheal instillation of benzanthraaene (200 vg) 
(For an explanation of the abbrevations: see figure 2). 
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Figure 2. 
Autoradiograph of a ahromatogram of the ethylaaetate soluble metabolites 
of (G- H)benzo(a)pyrene in skin of C3Hz mice: 
a: incubation with mouse skin (contvoli 
b: incubation with mouse skin after topical application of beclo-
methasone dipropionate 
a: incubation with mouse skin after topical application of benz-
anthracene, 
BP = benzo(aipyrene 
3 OH-BP = 2-hydroxybenzo(aipyrene 
7,8-diol - 7,8-dihydro-7,8-dihydroxybenzo(a)pyrene 
9,10-diol = 9,10-dihydro-9,10-dihydroxybenzo (aipyrene. 
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Table 3 
Skin АНН activity in C3Hz mice following topical application of 
BA and BDP (measured f luorimetncally). 
3-hydroxybenzo(a)pyrene formed 
100 + 23 + 
72 ± 18 
1940 ± 150 
the amount of 3-hydroxybpnzo(a)pyrene 
formed гп the control expervment zs 
expressed as 100 " ("pan * Standard 
deviation). 
DISCUSSION 
In this article the effect of the topical application of a corticosteroid 
on the АНН activity in epithelial tissue (skin and lung) was studied; Briggs 
and Briggs (1973) have suggested that humans receiving topical corticosteroid 
therapy might be at an increased risk of cancer from hydrocarbons with which 
they come in contact. This would indicate that situations, where patients are 
exposed to both corticosteroids and polycyclic aromatic hydrocarbons should be 
avoided. However, in our experiments we failed to demonstrate any induction of 
АНН activity after corticosteroid pre-treatment: neither in lung nor in skin 
(the tissue Briggs and Briggs (1973) used in their experiments) induction was 
found, but rather a slight decrease in АНН activity was demonstrated The 
reason for this discrepancy could not be detected; since treatment with benz-
anthracene resulted in high induction ratio's in lung and especially skin, 
this difference in results cannot be attributed to the method of ΑΡΗ determi­
nation. 
From our results (for both lung and skin) it can be concluded that there 
might be no significant difference in the risks of developing lung or skin 
cancer (due to exposure to polycyclic aromatic hydrocarbons) between control 
persons and patients treated topically with corticosteroids. 
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chapter 4 
METABOLISM OF BENZO(A)PYRENE IN BOVINE LENS EPITHELIUM 
SUMMARY 
Bovine lens epithelium contains an enzyme system that metabolizes the 
carcinogen benzo(a)pyrene. The major ethylacetate-soluble metabolites are 
7p8-dihydro-7,8-dihydroxybenzo(a)pyrene, 9,I0-dihydro-9,lO-dihydroxybenzo(a)-
pyrene and 3-hydroxybenzo(a)pyrene. Addition of 1,1,l-trichloropropene-2,3-
oxide (TCPO), an inhibitor of epoxide hydratase, prevents the formation of the 
dihydrodiols. The overall metabolism can be inhibited by the addition of 
a-naphthoflavone. The metabolism of benzo(a)pyrene in cultured lens epithelial 
cells has also been studied. It is found that the activity of aryl hydrocarbon 
hydroxylase (АНН) is strongly decreased in culture. The decline in АНН activity 
can be reduced by the addition of an unphysiological concentration of nicotin­
amide. 
INTRODUCTION 
Bovine lens epithelium consists of cells that gradually develop into lens 
fibers. This process includes a far-reaching specialization of cellular 
membranes and can be considered as a typical example of terminal differentia­
tion. In 1977 it was shown by Vermorken et al. (1977a,b) that membrane 
fractions from whole bovine lens and intact cultured lens cells can hydroxylate 
the steroid hormone dehydroepiandrosterone. The requirement of NADPH and the 
inhibitory action by carbon monoxide were indicative of the presence of a mono-
oxygenase system. 
In several tissues, this membrane-bound enzyme system is found to be 
responsible for the oxidation of xenobiotic compounds such as drugs. For 
instance, relatively high monooxygenase activities have been found in organs, 
like the liver, that are functionally involved in the elimination of these 
substances. 
Recently, the presence in bovine lens of glutathione S-transferase has 
been demonstrated (Awasthi, Saneto and Srivastava, 1980). This enzyme has been 
implicated in the detoxification of drugs and intermediary drug-metabolites 
having a reactive, electrophilic center. In some cases, such electrophilic 
compounds may cause various types of toxic effects, ultimately resulting in 
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Lissue damage, mutations and occasionally cancer, due to covalent binding with 
cellular macromolecules. In the lens even small deviations at the molecular 
level may be followed by cataract formation (Kuck, 1970). It has been shown 
that enzymatic reactions that are responsible for the formation of electro-
philes, for instance ppoxides, occur in several parts of the eye of mice (for 
a review see Shichi and Nebert, 1980). It might be of interest to study whether 
this enzymo also exists in other species so that extrapolation to the human 
situation would be more justified. In the present study the activity of aryl 
hydrocarbon hydroxylase (АНН), the monooxygenase involved in the oxidation of 
polycyclic aromatic hydrocarbons, was investigated with benzo(a)pyrene as a 
substrate. Bovine lens epithelium was used as the enzyme source. In contrast 
to previous studies, where only the formation of 3-hydroxybenzo(a)pyrene was 
measured, we studied the total spectrum of organic-solvent-soluble metabolites. 
MATERIALS AND METHODS 
ChpTM 'ale 
3 
(G- H)Benzo(a)pyrene (specific activity 19 Ci/mmol) was obtained from the 
Radiochemical Centre, Amersham and was purified chromatographically before each 
experiment (solvent system* toluene/ethanol (9*1)). The radioactive benzo(a)-
pyrene was eluted from the silicagel plate with ethylacetate. Reference poly-
nuclear aromatic hydrocarbon metabolites were a gift from the IIT Research 
Institute, Chicago. NADPH was obtained from Boehnnger Mannheim. Penicillin G 
was obtained from Gist Brocades, the Netherlands a-Naphthoflavone and 1,1,1-
trichloropropene-2,3-oxide were purchased from Aldnch Chemical Company. 
Nicotinamide was obtained from Fluka. Newborn calf serum was purchased from 
Gibco, Glasgow. For thin-layer chromatography, F 60 silica gel plates 
(Merck) were employed. Kodak X-ray XR-2 films were used for autoradiography. 
A solution of 3 g of PPO (2,5-diphenyloxazol) and 0.2 g of Р0Р0Р (2,2-phenylen-
bis (A-methyl-5-phenyloxazal)), both purchased from Merck, Darmstadt, in one 
liter of toluene was used as scintillation fluid 
^гзьие preparaЬгог 
Calf eyes were obtained fresh on ice from the slaughterhouse. They were 
washed with distilled water and opened at the lateral side, so that the lenses 
could be removed without adhering ins material. The lens epithelium was then 
isolated by careful cutting with the aid of scissors. 
Culturzrg of lere cells 
Lens epithelial cells were cultured on the capsules by spreading them on 
the bottom of plastic culture flasks. The capsules were allowed to stick to the 
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plastic surface of the flask for 30 min at 37 C. Then the tissue culture 
medium, consisting of TC 199, 0.15 % lactalbumin hydrolysate in Hanks solution 
(li2 (v/v)), supplemented with 10 % newborn calf serum, penicillin (50 i.u. per 
ml) and streptomycin (50 μΐ/ml) was added carefully. 
Incubation 
Freshly isolated lens capsules or lens cultures were incubated in 1, 
respectively 3 ml incubation medium (50 mM Tris-HCl buffer, pH 7.5, containing 
0.2 M sucrose, 100 units of penicillin G/ml, 1 mM NADPH and 3 mM MgCl ). Radio­
active benzo(a)pyrene (4 \¡Ci) was added to the incubation mixture in 1 μΐ 
ethanol. The tissue was incubated at 37 С for 1 hr. 
Isolation of radiometabolitea 
The incubation mixture was extracted three times with an equal volume of 
ethylacetate. The organic phases were combined and evaporated to dryness under 
nitrogen. The residue was redissolved in 10 yl ethanol, applied to thin-layer 
plates and chromatographed in a toluene-ethanol mixture (9:1) together with 
reference metabolites. The references were visualized with UV-light. The 
spectrum of radiometabolites was examined auLoradiographically by exposure of 
the plates to X-ray film. For quantitation of the results, the areas of radio­
activity were scraped off the plates and transferred to counting vials, which 
were filled with I ml of methanol. For counting, 10 ml of scintillation liquid 
was added. 
Effect of inhibitors 
The effects of a-naphthoflavone (an inhibitor of aryl hydrocarbon hydroxy­
lase) and 1,1,l-trichloropropene-2,3-oxide (an inhibitor of epoxide hydratase) 
on the metabolism of benzo(a)pyrene in lens epithelia were tested. In these 
experiments the inhibitors were added to the incubation mixture: the final 
concentration of a-naphthoflavone was 100 μΜ and the final concentration of 
1,1,l-trichloropropene-2,3-oxide was 2 mM. 
Détermination of DIM 
DNA was determined by the diphenylamine test according to the method of 
Burton (1956). Calf thymus DNA was employed as a reference standard in the 
calculation of the DNA content. 
RESULTS 
Incubation of bovine lens epithelia with radioactive benzo(a)pyrene 
resulted in the formation of several radiolabeled compounds (figs. 1 and 2). 
Co-chromatography with several known benzo(a)pyrene metabolites showed that the 
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9,10-diol 
а 
Figure 1, 
Autoradiograph of a chromatogram of the benzo(a)pyrene metabolites extracted 
after incubation of radioactive (G- H)benzo(a)pyrene without (a,a') and with 
freshly isolated epithelia (b,b'). 
SP, benzo(aìpyrene 
3 OH-BP, 3-hydroxybenzo(aìpyrene 
7,8-diol, 7,8-dihyaro-7,8-dihydroxybenzo(aìpyrene 
9,10-diol, 9,10-dihydro-9, 2O-dihydroxybenzo(aìpyrene. 
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IL-values of the major metabolites correspond to those of 9,10-dihydrodiol, 
7,8-dihydrodiol and 3-hydroxybenzo(a)pyrene. Further evidence that the two 
major metabolites with the lowest R^-values were indeed dihydrodiols was 
obtained by the fact that an inhibitor of epoxide hydratase ( 1 , 1, l-tnchloro-
propene-2,3-oxide = TCPO) prevented the formation of these metabolites in 
bovine lens epithelia (Table 1). Upon addition of a-naphthoflavone, an 
inhibitor of the monooxygenase system, the fonaation of all the metabolites 
mentioned above was inhibited (Table 1). This is in accordance with the 
results found in human scalp hair follicles (Vermerken et al., 1979) and in 
human fibroblasts (Rudiger et al., 1979). 
Table 1 
3 
Metabolites of (G- H)benzo(a)pyrene incubated with bovine lens epithelia 
Compound isolated pmol formed/mg DNA/hr 
with a-naphthoflavone with TCPO 
37.7 3-hydroxybenzo(a)pyrene 
7,8-dihydro-7,8-dihydroxy-
benzo(a)pyrene 
9,10-dihydro-9,10-dihydroxy-
benzo(a)pyrene 20.1 
21 3 
2.2 
1 9 
1 2 
39.1 
1 7 
1 9 
Table 2 
Metabolites of (G- H)benzo(a)pyrene incubated with cultured lens 
epithelial cells 
Compound isolated pmol formed/mg DNA/hr 
Frozen 24 hr 24 hr + NA 
3-hydroxyben7o(a)pyrene 28 6 
7,b-dihydro-7,8-dihydroxy-
benzo(a)pyrene 13.1 
9,10-dihydro-9,IO-dihydroxy-
benzo(a)pyrene 13.7 
6.2 
2.6 
8.1 
4 0 
4.2 
s freshùy isolated lens еръіЬрІга uere stored at -BO f for· ¿4 hr be/ore 
determinate on of pr гуте activity. 
* Lens evbtrplial aelts were cultured for ?4 hr tn the absence of 
rzcotinamde. 
* e^»-s epithelial cells Jerp cultured for 24 hr in the presence of 
nicotinamide. 
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Figure 2. 
Schematic representation of' the metabolism of polycyclic aromatic hydro­
carbons. R - remainder of the ring system. 
Bovine lens epithelial cells were cultured as described (Vermorken et al.t 
1977b). When these cells, cultured on their natural substrate, the lens 
capsule, were incubated with radioactive benzo(a)pyrene, the same pattern of 
metabolites was found as in whole lens epithelium. However, a sharp decrease 
in АНН activity occurred during the first 24 hr of culture. The addition of 
an unphysiologiral concentration (25 шМ) of nicotinamide resulted in a less 
rapid decline of the АНН activity in cultured lens cells as compared to a 
control experiment la culture in the absence of nicotinamide. Table 2). 
DISCUSSION 
The enzyme reaction catalyzed by aryl hydrocarbon hydroxylase (АНН) 
results in the formation of hydrophilic products that can be rapidly 
eliminated by the body as a result of subsequent conjugation reactions. One 
type of these conjugation reactions is catalyzed by the enzyme glutathione 
S-transferase, that has recently been demonstrated in bovine lens by Awasthi 
et al. (1980). These authors suggest that the presence of this enzyme in the 
ocular tissue is physiologically significant because of the constant exposure 
of the eye to the environmental pollutants in the air. However, glutathione 
S-transferase can only detoxify substrates, having an electrophilic centre, 
for instance alkyl halides. The present demonstration of АНН activity in the 
bovine lens may reflect its ability to metabolize another class of 
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atmospheric pollutants, the polycyclic aromatic hydrocarbons; the АНН enzyme 
reaction results in the introduction of an electrophilic group that renders 
the polycyclic aromatic hydrocarbons suitable for a subsequent detoxification 
reaction, for instance by means of the enzyme glutathione S-transferase 
(figure 2). When bovine lens epithelial cells are brought into culture, a 
sharp decrease in АНН activity is observed during the first 24 hr of culture. 
This phenomenon is consistent with the observed decline of the monooxygenase 
system in rat hepatocytes during the first 24 hr of culture (Paine, Williams 
and Long, 1979). By means of the addition of an unphysiological concentration 
of nicotinamide, however, the decline in АНН activity in cultured lens cells 
could be partly inhibited (Table 2). Although the mechanism of the incluence 
of nicotinamide on the maintenance of the monooxygenase activity is not known, 
it may be a helpful tool in further studies on the metabolism of polycyclic 
aromatic hydrocarbons in the lens. 
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chapter 5 
THE ANTIANDROGENIC EFFECT OF PROGESTERONE ON THE HAMSTER FLANK ORGAN 
SUMMARY 
Progesterone, topically applied, prevents the stimulation of the hamster 
flank organ by testosterone, but not by dihydrotestosterone. 5a-Dihydropro-
gesterone does not prevent stimulation by either of the two androgenic 
hormones. Neither progesterone nor 5a-dihydroprogesterone stimulate the flank 
organ to any extent. 
Implications on the use of progesterone in acne therapy are discussed. 
INTRODUCTION 
It is currently accepted that 5a-dihydrotestosterone (DHT), which is 
formed in the target cells per se by the 5a-reduction of testosterone, is the 
active androgen which controls gene expression in the target organ. This 
mechanism of action has been described for the prostate gland and seminal 
vesicles (Bruchovsky and Wilson, 1968a,b; Stern and Elsenfeld, 1969). It has 
also been documented that a similar mechanism may be operating in the hamster 
flank organ (Takayasu and Adachi, 1972), a sebaceous structure, which like the 
sebaceous gland in the human and other species is androgen dependent. It seems 
reasonable to assume that inhibition of 5a DHT formation may be an effective 
means to block androgen action. Therefore Voigt, Fernandez and Hsia (1970) 
tested a great number of steroids for their capacity to inhibit the conversion 
of testosterone to 5a DHT in microsomal suspensions of the skin. 
Of the two major inhibitors found, progesterone and 4-androstene-3-one 
176 carboxylic acid, they examined the effect of the latter compound m the 
hamster flank organ test. The effect of progesterone on the hamster flank 
organ has not been documented yet but it is important to do so since not only 
has topical progesterone been used in acne therapy, but it has been claimed 
that 5a-dxhydroprogesterone (DHP), which is formed from progesterone in the 
skin, interacts with the DHT receptor (Wright, Giacomim and Kirchhoffer, 1979). 
The latter finding may be irrelevant but alternatively it could mean that DHP 
has some intrinsic androgenic or antiandrogenic activity. 
In this paper we describe experiments demonstrating that neither DHP 
nor progesterone have any androgenic activity. However, progesterone completely 
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prevents the androgenic action of testosterone on the hamster flank organ. 
MATERIALS AND METHODS 
Steroids 
The steroids were obtained from Steraloids Inc. 
The flank organ test 
The flank organ test was essentially as described by Voigt and Hsia (1973). 
Random bred Syrian golden hamsters, 10 weeks old, were obtained from the 
Central Institute for the Breeding of Laboratory Animals (Zeist) and fed R, M, 
Η-B from Hope Farms Woerden. At the beginning of treatment and every 3 days 
thereafter, the animals were closely shaven with an electric hair clipper to 
expose the flank organ and adjacent skin for visual observation. Thp female 
animals were separated into eight groups of five animals each and treated with 
the various steroids as follows: Group II: testosterone propionate (TP) (4 yg); 
Group III: TP (4 jg) plus progesterone (P) (400 ug); Group IV: TP (4 yg) plus 
DHP (400 ug); Group V: DHT (4 pg); Group VI: DHT (4 pg) plus Ρ (400 yg); 
Group VII: DHT (4 ug) plus DHP (400 ug); Group VIII: DHP (400 yg); Group IX: 
Ρ (400 ug). 
The steroid solution, in 50 yl of acetone/chloroform (75:25) was applied 
topically on one of the flank organs of each animal while 50 Λ of the acetone/ 
chloroform mixture was applied to the contralateral organ which was used as the 
control. A small pipette was used to deliver the solutions and care was taken 
that the applied material did not run from the area of the flank organ. Four 
applications were made every week. The longest diameter of the organs was 
measured once a week. Statistical significance of the results (P < 0.05) was 
assessed using Student's 't'-test. 
RESULTS 
The difference in diameter of the flank organs of five male and five 
female animals is shown in figure 1. 
In the groups of females treated with testosterone propionate or dihydro-
testosterone on Che left organ a gradual increase in diameter of the left organs 
was seen (figure 2 and figure 5). The organs on the right side of the animals 
did not change in diameter, indicating that at the dose used the steroids exert 
only a local effect. By the end of 3-4 weeks of treatment the treated organs had 
the same diameter as those of adult males. Progesterone completely blocks the 
stimulatory action of testosterone propionate (P <0.05) but not of dihydrotesto-
sterone (figure 3 and figure 6), indicating that progesterone exerts its activity 
by inhibiting testosterone 5a-reductase. Dihydroprogesterone has no influence 
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Difference in the langest 
diameter of the flanl· organs 
of five untreated female and 
five untreated male animals. 
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Figure 2 
Diameters of the left (Lt treated) and right (R, control) flank organs 
of female hamsters as a function of time. 
Group II: testosterone propionate (4 vg). 
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Group III: testosterone propionate (4 vg) plus progesterone (4CU vç). 
Symbols as figure 2. 
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Group 17: testosterone propionate (4 vg) plus âihydvoprogesterone 
(400 vg). 
Synbols as figure 2. 
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Group V: dihydrotestoeterone (4 vg). 
Symbols as figure 2. 
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Group VI: dihydrotestosterone (4 vg) plus progesterone (400 vg). 
Symbols as figure 2. 
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Group VII: dihy¿trotestosterone (4 vgì plus dihydroprogesterone 
(400 ug). 
Symbols as figure 2. 
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Group Vili: dihydroprogesterone (400 \.g). 
Symbols as figure 2. 
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Table 1 
Statistical significance (t-test) of the variations in size of 
left (L) flank organ (treated) compared to right (R) flank organ 
(untreated). 
Week 
Groups L R L R L R L R L R 
II 3.06+ 3.03 4.12 3.10 5.28 3.28 5.14 3.20 4.88 3.10 
(TP) NS P<0.0l P<0.001 P<0.001 P<0.00\ 
III 3.25 3.00 3.67 3.42 3.48 3.17 3.95 3.73 4.05 3.46 
(TP + P) NS NS NS NS NS 
IV 2.86 3.01 3.41 3.31 5.13 3.13 4.78 3.16 4.96 3.09 
(TP + DHP) NS NS P<0.001 P<0.001 P<0.001 
V 3.44 3.30 3.67 2.91 6.30 2.91 5.74 3.07 5.65 3.29 
(DHT) NS P<0.05 P<0.001 P<0.001 P<0.001 
VI 3.02 3.28 3.90 3.51 5.94 3.15 6.34 3.19 5.41 3.29 
(DHT + P) NS NS P<0.001 P<0.001 P<0.001 
VII 2.82 3.12 3.39 3.31 4.23 2.86 4.72 3.12 4.46 3.31 
(DHT + DHP) NS NS P<0.02 P<0.0l P<0.01 
VIII 3.10 3.11 2.78 2.82 3.25 3.46 3.43 3.23 3.17 3.13 
(DHP) NS NS NS NS NS 
IX 3.07 3.36 3.62 2.71 3.38 3.10 3.23 3.25 3.25 3.08 
(P) NS P<0.01 NS NS NS 
Mean value in mm of L or E flank organ of the five hamsters of 
each group, 
NS = not significant (P^d.OS). 
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Group IX: progesterone (400 vgl. 
Symbols as figure 2. 
whatsoever on the stimulatory activity of testosterone propionate or dihydro-
testosterone (figure 4 and figure 7), Neither dihydroprogesterone nor pro­
gesterone exert any stimulatory activity on the flank organs (figure 8 and 
figure 9) (P>0.05). The results for the first 4 «eeks are summarized in 
Table 1. 
DISCUSSION 
Androgens play a part in the production of acne by stimulating formation 
of sebum and by causing hyperkeratimzation of the sebaceous follicle. It is 
now generally believed that 5a-dihydrotestosterone is responsible for 
stimulation of the sebaceous gland (Takayasu and Adachi, 1972) and in acne the 
evidence for increased formation of dihydrotestosterone has been documented 
(Sansone and Reisner, 1971). 
Our results clearly show that topically applied progesterone can inhibit 
the 5ci-reduction of testosterone. Moreover, it is demonstrated that progesterone 
does not exert any androgenic effect. At a concentration of 100 times that of 
TP or DHT no significant androgenic or antiandrogenic activity could be found 
for dihydroprogesterone. We may therefore conclude that the local formation of 
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DHP in the skin is most probably not involved in the decrease of the effect of 
progesterone after 3 months of continuous application (Simpson et al., 1980) in 
humans, which makes intermittent application necessary. 
It has recently been claimed that dehydroepiandrosterone may be more 
sebotrophic than dihydrotestosterone (Cooper et al., 1979). We have shown that 
progesterone, an inhibitor of sebum secretion in at least women (Simpson et al., 
1980), does not influence dehydroepiandrosterone metabolism (Vermerken, Goos 
and Roelofs, 1980). Therefore, al least in women dihydrotestosterone must be 
regarded as an important physiological sebotrophic factor. 
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chapter 6 
A METHOD FOR THE EVALUATION OF THE LOCAL ANTIANDROGENIC ACTION OF 5a-KEDUCTASE 
INHIBITORS ON HUMAN SKIN 
SUMMARY 
A method has been developed for the first time that allows the evaluation 
of the effect of therapeutic concentrations of 5a-reductase inhibitors in 
human skin, without applying radioactivity to the skin. Moreover, the method 
makes it possible to determine whether inhibition is found only at the 
application site or also in other parts of the skin. 
INTRODUCTION 
During the last 10 years, the skin has been recognized as a major site 
for androgen metabolism, comparable to the prostate gland. This finding was 
preceded by two discoveries with regard to testosterone metabolism: first, 
dihydrotestosterone rather than testosterone is the most potent androgen in 
certain tissues; second, dihydrotestosterone is formed mostly in the target 
cells per se by the 5o reduction of testosterone (Price, 1975). 
It is generally believed that 5o-dihydrotestosterone may be responsible 
for stimulation of the sebaceous gland (Takayasu and Adachi, 1972) and in acne 
the evidence for increased local formation of dihydrotestosterone has been 
documented (Sansone and Reisner, 1971). It has been shown that 5o-reductase 
inhibitors provoke a local antiandrogenic effect in laboratory animals (Voigt 
and Hsia, 1973; Vermorken, Goos and Roelofs, 1980). No method was available, 
however, to establish the local effect of therapeutic concentrations of these 
inhibitors in human skin. 
The hair follicle forms an ideal biopsy tissue for the study of testo-
sterone metabolism in the human skin since it is easily obtained without any 
harm to the patient and since it retains its metabolic activity for a few 
hours after isolation. 
In this study hair follicles have been used in order to evaluate the 
efficiency of the Sa-reductase inhibitor progesterone on the human skin. The 
method also enables one to distinguish between a local and a systemic effect 
of the inhibitor. 
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MATERIALS AND METHODS 
Materials 
14 14 
(4- C)Testosterone (specific activity 51 mCi/mmol), (4- C)androstene-
14 dione (specific activity 57 mCi/mmol) and (4- C) dehydroepiandrosterone 
(specific activity 55 mCi/mmol) were obtained from the Radiochemical Centre, 
Amersham, and were checked chromatographically for radiochemical purity before 
each experiment. Unlabelled steroids were purchased from Sigma Chemical 
Company. Clucose-6-phosphate, gluco4e-6-phosphate dehydrogenase and NAÜP were 
obtained from Boehnnger Mannheim. 
Penicillin G was obtained from Gist Brocades, The Netherlands, "or thin 
layer chromatography silica gel plates F609I-,, obtained from Merck, were 
employed. Kod4k X-ray XR-2 films were used for autoradiography. A solution of 
3 g of PPO (2,5-diphenyloxazole) and 0.2 g of P0P0P (2,2'-p-phenylenbis(5-
phenyloxazole)), both obtained from Merck, in 1 1 of toluene was used as 
scintillation fluid. 
Тгввие préparation 
Unless otherwise indicated, hair follicles were plucked from the frontal 
and occipital areas of the scalp of normal human males and females and only 
those with a visible bulb and sheath were used. The hair follicles were cut 
off just above the sheath and immediately immersed in incubation medium. 
Prcaesterorc а рігсаігоп 
In the experiments where the effect of topically applied progesterone 
on the metabolism of testosterone was investigated, 4 ml of a progesterone 
solution (0.5 % solution in 50 % ethanol) was applied to a small area of the 
2 
scalp (i 10 cm ). At several times after application (depending on the type of 
experiment) hair follicles were plucked from the scalp and the metabolism of 
radioactive testosterone was measured. 
Inoubation 
The radioactive steroid (0.33 uCi) was added to the incubation mixture in 
ethanol (less than 2 % (v/v) ethanol; the addition of this amount of ethanol 
had no influence on the enzyme activity). 
The incubation mixture consisted of 50 mM Tris-HCl buffer, pH 7.5 con­
taining 0.2 M sucrose, 100 units of penicillin G/ml and a NADPH generating 
system (1 mM NADP, 20 mM glucose-6-phosphate, 1 unit of glucose-6-phosphate 
dehydrogenase/ml and 0.5 mM MgCl„). The tissue was incubated at 37 С for 4 h, 
under air. Unless otherwise indicated the concentration of progesterone added 
m vitro was 100 times that of radioactive testosterone. 
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The incubation mixture was extracted three times with an equal volume of 
ethylacetate. The organic phases were combined and evaporated to dryness under 
nitrogen. The steroids in the dry residue were redissolved in 10 pi ethanol, 
applied to thin layer plates and chromatographed with unlabelled markers. A 
system of chloroform-methanol (98.25-1.75 (v/v)) was used for the separation 
of testosterone metabolites and a system of chloroform-ethanol (Э8-2 (v/v)) 
was used for the separation of androstenedione and dehydroepiandrosterono 
metabolites. 
The unlabelled steroids were visualized by spraying the plates with a 1 % 
anisaldehyde solution m sulphuric acid-acetic acid (1-50 (v/v)), after which 
the plates were heated for 5 m m at 90 C. 
The spectrum of metabolites was examined autoradiographically by exposure 
of the plates to X-ray film. For quantification of the results the areas of 
radioactivity were scraped off the plates and transferred fo counting vials, 
which contained I ml of methanol. For counting 10 ml of scintillation fluid 
was added. 
REbUI TS 
When isolated human male and female scalp hair follicles are incubated 
with testosterone, four metabolites are formed (see figure 1). In figure 2b 
and 2 ^ the result of such an incubation with radioactive testosterone is 
shown. Addition of progesterone» the inhibitor of 5a-reductase to the incuba­
tion mixture, in a concentration of 100 times that of testosterone results 
in a complete inhibition of the formation of all the 5a reduced metabolites 
(figure 2c and 2c'). 
The results of an experiment using different concentrations of progeste­
rone are shown in figure 3. 
When isolated human male and female scalp hair follicles are incubated 
with androstenedione, three major metabolites are formed, namely: testosterone, 
5a-dihydrotestobterone and 5a-androstanedione(figure 4b and 4b 1). Addition of 
progesterone results in a strong inhibition of the formation of the 5a-
metabolites. Incubation of hair follicles with dehydroepiandrosterone results 
in the formation of androstenediol and 7a-hydroxydehydroepiandrosterone 
(figure 5). A minor quantity of androstenedione is also formed (Vermorken et 
al.t 1979). Addition of progesterone does not result in inhibition of the 
formation of any of the metabolites (see figure 5). 
Figure 6 shows that after topical application of 20 mg of progesterone, 
2 
in an alcohol/water mixture, on 10 cm of the surface of the scalo, inhibition 
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Figure 1 
Metabolism of testosterone in the human skin. 
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Figure 2 
Autoradiograph of a ahromatogram with the metabolites extracted after 
incubation of radioactive testosterone: 
a,a': without hair follicles; 
b,b': with ten hair follicles; 
a,c': with ten hair follicles in the presence of progesterone 
(the volume of the incubation mixture was 200 vl). 
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Figure 4 
Autoradiograph of a ahromatogram with the metabolites extracted after 
incubation of radioactive andròstenedione in 200 \¡l incubation mixture: 
a,a': without hair follicles; 
Ъ3Ъ': with ten hair follicles; 
a,c': with ten hair follicles in the presence of progesterone, 
iu-hydroxy-S-androstene-
* · » ADIOL 17-one 
ADI OL - androstenediol = 
&-androstene-S$t17 $~diol 
• · · · 7(t-hy-0HEA 
Figure 5 
Autoradiograph of a chromatogram with the metabolites extracted after 
incubation of radioactive dehydroepiandrosterone in 200 μΖ- incubation 
mixture: 
a,a': without hair follicles; 
Ъ,Ь': with ten hair follicles; 
a,c': with ten hair follicles in the presence of progesterone, 
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Figure 6 
Autoradiograph of a ahromatogram with the metabolites extracted 
after incubation of radioactive testosterone with ten hair follicles 
a,a 
b.b' 
c.c' 
d.d' 
e,e ' 
f f' 
J > J 
before; 
10 min; 
4 h; 
12 h; 
24 h; 
48 h after application of progesterone on the scalp sPin 
(the volume of the incubation mixture was 50 \il). 
of 5a-reductase is indeed found. It is evident that the inhibitory activity 
is lost after 48 h. 
Figure 7 shows that when the left side of the scalp is treated with 
progesterone, inhibition of 5a-reductase is also found in hair follicles on 
the right side of the scalp. This phenomenon was found in most but not in 
all individuals tested. 
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Figure 7 
Autoradiograph of a ohromatogram with the metabolites extracted after 
incubation of radioactive testosterone: 
a,a': with ten hair follicles isolated before progesterone application; 
b,b': with ten hair follicles isolated 2 min after progesterone 
application from the application site; 
α,ο': with ten hair follicles isolated 4 h after progesterone 
application from the application site; 
d3d': with ten hair follicles isolated before progesterone application from the control site; 
Β,Ρ': with ten hair follicles isolated 2 min after progesterone 
application from the control site; 
f,f': with ten hair follicles isolated 4 h after progesterone 
application from the control site 
(the volume of the incubation mixture was 50 \¡l), 
DISCUSSION 
Our results have shown that in males and females progesterone, even at 
very low concentrations, inhibits 5a-reductase very strongly. This is in 
agreement with results of experiments on the hamster flank organ where the 
ratio between progesterone and testosterone necessary to completely inhibit 
testosterone action is about 10 (Vermorken, Goos and Roelofs, unpublished 
results). The fact that formation of 5a - metabolites from androstenedione is 
also inhibited is important in women where levels of circulating testosterone 
are low. 
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It has recently been claimed that dehydroepiandrosterone may be more 
sebotrophic than dihydrotestosterone (Cooper et al., 1979). Our results show 
that progesterone, an inhibitor of sebum secretion at least in women (Simpson 
et al., 1979), does not influence dehydroepiandrosterone metabolism. Therefore 
at least in women dihydrotestosterone may be regarded as an important physio­
logical sebotrophic factor. After topical application of progesterone on the 
skin, formation of 5o-dihydrotestosterone is inhibited. The inhibition is 
gradually lost over a period of about 48 h. Depending upon the degree of 
inhibition required, application should therefore be repeated every 12-24 h. 
The fact that topical application of progesterone to one side of the 
scalp also results in inhibition of 5a-reductase at the contralateral side of 
the scalp demonstrates that at least in the region of the scalp skin the 
inhibitory activity of progesterone, at the concentration used, is not confined 
to the application site. Whether this is due to diffusion in the scalp skin or 
to a systemic effect has to be further investigated. 
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chapter 7 
AN IMPROVED METHOD FOR EVALUATING ANTIANDROGENS 
SUMMARY 
In recent years the hamster flank organ has frequently been used to 
screen compounds for antiandrogenic activity. When routinely used, the dia-
meter of Lhe pigmented spot is used for the evaluation of the androgenic or 
antiandrogenic effect of the drug tested. 
In this article it is shown that the pigmented spot and the sebaceous 
glands may respond to a quite different degree to hormonal stimuli, indicating 
that visual observation alone is insufficient for screening purposes. 
INTRODUCTION 
Oral antiandrogens have been shown to be of use in the treatment of 
androgen-dependent disorders such as acne and hirsutism (Hammerstein et al., 
1975). Unfortunately, otal treatment has certain disadvantages. It cannot be 
used in males since it results in reversible chemical castration (Ott and 
Hoffet, 1968). In women it can only be applied in the form of a contraceptive 
pill since in pregnancy feminization of a male foetus will occur (Neumann et 
al.» 1970). Local treatment with antiandrogens would avoid these and other 
side-effects; however, up till now a satisfactory local antiandrogen has not 
been developed. The screening of compounds for antiandrogenic activity is 
hampered by a lack of suitable model systems. It is evident that a model 
should resemble as closely as possible the human situation. In recent years 
the hamster flank organ test has been used for this purpose. 
The hamster flank organs are sebaceous structures located one on each 
flank of the animal. Like the sebaceous gland in the human and other species, 
it is androgen dependent. The organ in the mature male hamster measures 
approximately 6 mm, is heavily pigmented and is covered with coarse dark hairs. 
The organ of the female animal is less developed, measuring about 2 ram in 
diameter, is lightly pigmented, with only very few dark hairs and is at times 
difficult to distinguish. The anatomical and histological changes in this 
organ in response to androgens have been described by Hamilton and Montagna 
(1950). A study of Frost and Gomez (1972) showed that topical application of 
androgenic steroids to the gland of female hamsters causes enlargement, and 
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the inhibition of this androgenic effect by substances, administered topically 
together with the androgen, can be used as an assay for their anti androgen!с 
activity. In this test, when routinely used, the size of the pigmented spot is 
correlated with the androgenic or antiandrogenic effect of the drug applied. 
In previous work some preliminary evidence has been provided that the increase 
in palpable bulk of the sebaceous gland is a better indication of sebaceous 
gland growth than the area of pigmentation (Frost et al., 1973). In this paoer 
we present further evidence indicating that observation of the pigmented spot 
alone is insufficient for evaluating the effects of hormones on sebaceous 
tissue. Moreover, we describe a method for quantification of the response of 
the sebaceous glands that may be useful for screening purposes. 
A preliminary report of our findings has already been published (Vermorken 
et al., in press). 
MATERIALS AND METHODS 
Steroids 
The steroids were obtained from Steraloids Inc. (Wilton, N.H., USA) and 
from the Sigma Chemical Co. (St. Louis, Miss., USA). 
The flank organ teat 
The flank organ test was essentially as described by Voigt and Hsia (1973). 
Random bred Syrian golden hamsters, 8 weeks old, were obtained from the Central 
Institute for the Breeding of Laboratory Animals (Zeist, The Netherlands). At 
the beginning of treatment and every 3 days thereafter, the animals were closely 
shaven with an electric hair clipper to expose the flank organ and adjacent skin 
for visual observation. The animals were separated into ten groups of four 
animals each and treated with the various steroids as follows: Group I (female 
hamsters): testosterone propionate (TP) (4 yg); Group II (female hamsters): 
TP (4 yg) plus progesterone (P) (400 Pg); Group III (female hamsters): 5a-
d-ihydrotestosterone (DHT) (4 ug) ; Group IV (female hamsters): DHT (4 ug) plus 
Ρ (400 ug); Group V (female hamsters): Ρ (400 ug); Group VI (male hamsters): 
Ρ (400 ug); Group VII (female hamsters): acetone (= solvent); Group VIII (male 
hamsters): acetone (= solvent); Grouo IX (female hamsters): control (not 
treated); Group X (male hamsters): control (not treated). 
The steroid solution in 50 ul of acetone was applied topically on one of 
the flank organs of each animal, while 50 ul of acetone was applied to the 
contralateral organ which was used as the control. A small pipette was used to 
deliver the solutions and care was taken that the applied material did not run 
from the area of the flank organ. Five applications were made every week. The 
76 
longest diameter of the pigmented spot was measured once a week, 
Histology 
For histological and mornhological evaluations squares of shaven skin 
containing the flank organ were pinned in a flat position on cork plates, 
quickly frozen in liquid nitrogen (-190 C) and stored in a freezer at -90 С 
until further use. Cramo-caudal cross-sections (8 slides with each 3 sections 
of ca. 10 ym thickness per organ) were cut through the centre of the organ 
with a Walter-Dittes Cryostat at -25 0C. The sections were stored at -90 0C 
for maximally 2 weeks. Sections were stained routinely with Paragon^ 
(multiple stain for frozen sections) and with haematoxylin-eosin. Additionally, 
sections were processed histochemically for glycogen (P.A.S. reaction) and fat 
(oil-Red-0 reaction). 
For morphometncal analysis a microscopical image of the organ was 
projected on a sheet of paper, at a fixed magnification, and drawn. The length 
of the organ was measured: the borderlines of the organ were drawn just out­
side the outer, larger sebaceous gland (compared with the small sebaceous 
glands of the normal skin). The drawings of the sebaceous glands were cut out 
with a swivel knife (Ulano^-', Switzerland) and the paper was weighed. In each 
gland structure three regions were observed and weighed seperately: the 
basaloid cell layer (regeneration zone), the degeneration zone and the central, 
sebum containing zone. Hair structures were classified into large hairs and 
small hairs, and counted in the largest cross section. 
Statistical significance of the results was assessed using the Wilcoxon 
test. 
RESULTS 
гзиаі observation of the pigmented spot m vivo. 
The sizes of the pigmented spots in the various groups of hamsters, that 
have been used for the histological examination, are shown in figure 1, In 
the groups of female hamsters treated with testosterone propionate (Group I) 
or 5a-dihydrotestosterone (Group III) an increase in the size of the pigmented 
spots associated with the treated flank organs is apparent. By the end of 
treatment (3 to 4 weeks) the diameter is comparable to that of adult male 
animals (Group X). The contralateral spot, however, remains small; this 
indicates that these steroids exert only a local effect at the dose used 
(4 pg per day). 
The simultaneous application of progesterone blocks the stimulatory 
effect of testosterone propionate (Group II) (p <0.025), but has no visible 
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influence on the stimulatory effect of 5a-dihydrotestosterone (Group TV). 
Application of progesterone alone on female hamsters (Group V) has no effect 
on the size of the pigmented spot. The effect of progesterone on the flank 
organs of males (Group VI) is doubtful. 
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Figure 1, 
гзиаі assessment of the response of the flank organs to treatment, 
Groups 1-Х are treated as descrtbed m Matertals and Methods. 
To further investigate the effect of simultaneous application of testo­
sterone propionate and progesterone, an experiment was carried out with two 
different concentrations of progesterone. In Table 1 these results are shown: 
treatment with both testosterone propionate and progesterone in a ratio of 
1 : 100 (treatment as in figure I) shows a marked inhibition of the stimulatory 
effect of testosterone propionate. But application of testosterone propionate 
and progesterone in a ratio of I : 10 also shows a significant reduction 
(p <0.005) in size of the pigmented spot (in comparison to treatment with 
testosterone propionate alone). 
The effect of the solvent on the flank organs of male (Group VIII) and 
female hamsters (Group VII) was also tested: no changes in diameter of the 
pigmented spots can be observed compared with untreated animals (Group X and 
Group IX respectively). 
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Table 1 
Effect of the progesterone concentration on the stimulatory 
action of testosterone on the pigmented spot of female hamsters. 
Group 
I 
II 
III 
Treatment 
TP 
TP + Ρ (ratio I 
TP + Ρ (ratio 1 
: 100) 
: 10) 
Size of the p: 
control side 
2.55 + 0.13 
2.26 ± 0.28 
2.54 + 0.13 
igmented spot (mm) 
treated side 
4.33 ± 0.45 
2.80 ± 0.32 
3.01 + 0.23 
Mean value of 5 hamsters C+ standard 
deviation). 
Microscopiaal observations 
Figure 2 shows representative sections through flank organs from several 
groups and the quantitative data of the histological and morphometrical 
examinations are summarized in Table 2. The difference between the untreated 
male and female organs is clearly visible (compare figure 2A and 2B). The 
main differences consist of: 
a) The much larger surface area of the sebaceous glands in the 
males than in the females. Vacuolisation of the gland cells can 
be taken as a marker for secretory activity (Hamilton and 
Montagna, 1950). In Table 2 this is visualised with the oil-Red-0 
reaction. 
b) Large, black hairs are numerous in male organs, but scarce in 
female organs. 
Treatment of female organs with testosterone propionate and in particular 
with 5a-dihydrotestosterone increases the size of the sebaceous glands and 
the number of large, black hairs (compare figure 2C and 2E with figure 2A). 
The surface area (Table 2) of a control female is about 100-105 units. After 
stimulation it increases to about 360 (testosterone propionate) and 390 
(5a-dihydrotestosterone) compared with the control value of about 750 in the 
male. 
Microscopical observation also reveals that simultaneous treatment with 
progesterone (figure 2D and 2F) does not reduce the size of the glands 
significantly, whereas the size of the pigmented spot (visual observation) is 
reduced almost completely to the value for the control female in the group 
treated simultaneously with testosterone propionate and progesterone (p <0.025). 
From Table 2 it appears that simultaneous application of an androgen and 
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00 Table 2A 
О 
Histological assessment of the response of the flank organs to treatment. 
Group 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
Treatment 
TP 
TP + Ρ 
DHT 
DHT + Ρ 
Ρ 
Ρ 
acetone 
acetone 
— 
— 
Sex 
M/F 
F 
F 
F 
F 
F 
M 
F 
M 
F 
M 
Length of sebaceous 
structure (mm) 
5.67 
4.89 
6.53 
5.59 
3.96 
5.14 
4.03 
5.21 
3.89 
5.35 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
4-
+ 
0.84 
0.65 
1.23 
1.14 
0.86 
0.60 
0.60 
0.30 
0.40 
0.20 
a 
Total 
357 
303 
389 
305 
108 
633 
105 
725 
100 
770 
+ 
+ 
+ 
+ 
+ 
± 
+ 
± 
± 
+ 
50 
82 
56 
87 
39 
91 
3 
25 
30 
17 
Surface 
A 
42 
37 
32 
38 
10 
48 
7 
93 
9 
81 
± 
± 
+ 
I 
+ 
+ 
+ 
+ 
± 
+ 
of 
14 
14 
17 
9 
3 
26 
4 
13 
2 
2 
sebaceous 
b 
structure 
В 
92 
64 
111 
66 
17 
253 
22 
254 
5 
283 
4-
+ 
± 
+ 
± 
+ 
+ 
+ 
± 
+ 
35 
24 
51 
37 
14 
52 
8 
7 
1 
21 
С 
223 ± 56 
202 ± 68 
246 ± 24 
201 ± 48 
81 ± 25 
332 ± 12 
76 ± 5 
378 ± 30 
86 ± 29 
406 ± 39 
Mean value of 4 hamsters ± standard deviation 
The surface area of the untreated female hamsters ie arbitrarily expressed 
/7Я 7 ññ iivti'-ho as 100 units. 
A = sebum containing zone 
В = degeneration zone 
С = outer basal cell layer 
Table 2B 
Histological assessment of the response of the flank organs to treatment, 
Group 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
X 
Treatment 
TP 
TP + Ρ 
DHT 
DHT + Ρ 
Ρ 
Ρ 
acetone 
acetone 
— 
— 
Sex 
M/F 
F 
F 
F 
F 
F 
M 
F 
M 
F 
M 
Total 
35.8 
23.3 
49.5 
28.θ 
7.8 
22.0 
16.5 
36.0 
17.5 
21.5 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
6.9 
4.9 
9.3 
5.7 
6.8 
2.8 
6.4 
19.8 
2.1 
6.4 
Number ol 
Large 
14.3 
7.0 
21.0 
14.3 
0.5 
7.5 
1.0 
11.0 
1.0 
6.5 
+ 
+ 
+ 
+ 
+ 
τ 
+ 
+ 
+ 
г 
с 
E hairs 
4.5 
2.4 
4.2 
4.3 
0.5 
0.7 
0.5 
1.4 
0.5 
0.7 
Smal] 
21.5 
16.3 
28.5 
14.5 
7.3 
14.5 
15.5 
25.0 
16.5 
15.0 
+ 
+ 
+ 
+ 
+ 
+ 
ι 
+ 
+ 
+ 
8.5 
4.8 
5.4 
3.5 
6.5 
3.5 
6.4 
20.2 
2.1 
7.1 
Extent 
reactii 
d 
of Oil-Red-0 
on 
4 
3 
3 
2 
1 
4 
1 
4 
1 
4 
[lumber of hairs counted in the largest cross section 
Classification of the extent of Oil-Red-0 reaction: 
1 ~ little or no coloring; 2 = moderate coloring; 
3 = fairly extensive coloring; 4 = extensive color reaction. 
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Figure 2 
Histological sections through the hamster flank organ; 
A - section through the centre of the flank, organ of an untreated 
female hamster; 
В - section through the centre of the flank organ of an untreated 
male hamster; 
С - section through the centre of the flank organ of a female 
hamster treated with testosterone propionate; 
D - section through the centre of the flank organ of a female 
hamster treated simultaneously with testosterone propionate and 
progesterone; 
E - section through the centre of the flank organ of a female 
hamster treated with Sa-dihydrotestosterone; 
F - section through the centre of the flank organ of a female 
hamster treated simultaneously with Sa-dihydrotestosterone and 
progesterone, 
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progesterone does not diminish the androgenic response of all the different 
parameters measured: of the parameters measured (1. length of the sebaceous 
structure; 2. surface of the sebaceous structure; 3. number of hairs; 
A. extent of positive oil-Red-0 reaction) only the number of hairs is 
significantly reduced as compared to the groups treated with the androgen 
alone (p < 0.05). 
DISCUSSION 
The hamster flank organ test is a commonly used test for screening for 
local antiandrogenic activity. An effect of antiandrogens is measured by 
simultaneous application of both an androgen and the supposed antiandrogen to 
the flank organs of female hamsters (Frost and Gomez, 1972). Using this assay 
we have demonstrated that progesterone has antiandrogenic activity when 
applied in excess with regard to TP (Vermorken et al., 1980a). Progesterone 
probably counteracts the increase in size of the pigmented spot of the hamster 
flank organ by TP as a result of its inhibition of the enzyme 5a-reductase 
This enzyme catalyzes the conversion of testosterone to DHT, which is 
considered the active androgen in the hamster flank organ. We have found that 
a ratio of 10 is sufficient to block the androgenic action of TP; the size of 
the pigmented spot of the hamster flank organ treated with a 10-fold excess 
of progesterone does not ілпеаье significantly during 4 weeks of treatment. 
This ratio of 10 corresponds very well faith the ratio of progesterone over 
testosterone, necessary to completely block the conversion of testosterone to 
5a-metabolites in human scalp hair follicles (Vermorken et al., 1980b). 
The histological experiments reveal that no important reduction of the 
sebaceous structure could he found after simultaneous application of progeste­
rone and both TP and DHT as compared to application of TP or DHT alone (Table 
2). It can also be concluded that application of TP and especially DHT results 
in a marked increase in the number of coarse black hairs in the female hamster, 
reaching a value even higher than that found in male hamsters. Progesterone 
partly blocked this increase in both cases. 
Our results show that visual observation of the pigmented spot may give 
an incomplete impression about the effectiveness of progesterone as an anti-
androgen. Previous results of Gomez and Moskowitz (1980) also indicate that 
visual observation alone of the hamster flank organ may lead to faulty 
conclusions about the size and activity of the sebaceous glands: these authors 
showed that 13-cis-retinoic acid has a marked inhibitory effect on the size of 
the sebaceous gland structures in males and females treated with testosterone 
without a corresponding effect upon other hormonally dependent structures such 
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as the dermal pigment cells and large pigmented hair follicles. The mechanism 
of action of I3-cis-retinoic acid is not yet understood, but is probably 
totally different from the mechanism of action of antiandrogenic hormones. 
These results show that both false-positive (as in the case of progesterone) 
and false-negative results (as in the case of 13-cis-retinoic acid) can be 
found if visual observation alone is used for evaluating the effects. 
In conclusion: to investigate the effect of various substances on the 
sebaceous gland structure, histological examination is necessary. 
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chapter 8 
ANDROGENIC EFFECT OF TESTOSTERONE AND SOME OF ITS METABOLITES IN RELATION TO 
THEIR BIOTRANSFORMATION IN THE SKIN 
SUMMARY 
Testosterone and several of its metabolitos were tested in the female 
hamster flank organ. Microscopical examination was carried out and quantifi­
cation of some histological parameters was used for better evaluation of the 
results of application. Testosterone, 5a-dihydrotestosterone and 3a-androstane-
diol were very effective in stimulating the growth of the sebaceous structure, 
whereas 30-androstanediol showed no effect at all. Androsterone could only 
evoke a small effect. The metabolism of these steroids was studied in the 
hamster flank organ, hamster skin and in human scalp hair follicles and the 
possible interrelationship between androgenic effect and metabolism is 
discussed. 
INTRODUCTION 
The sebaceous glands of the hamster flank organ are stimulated by andro­
gens. It has been suggested that 5a~dihydrotestosterone (DHT), rather than 
testosterone, is the active androgenic hormone in sebaceous glands (Takayasu 
and Adachi, 1972). DHT is formed from testosterone by the enzyme Sct-reductase. 
Local inhibition of the formation of DHT might be an effective means of 
blocking androgen action in the hamster sebaceous gland if indeed DHT іч the 
only active androgen. However, some authors have suggested that androgens other 
than DHT are implicated in sebaceous gland activity. Ebling et al. (1973) 
indicated that there might be at least two distinct sites of androgenic control: 
mitosis and sebum synthesis; it was suggested that DHT specifically controlled 
cell division, whereas 5a-androstane-3ß,17ß-diol regulated the secretion 
processes, 
We have recently demonstrated (Vermorken et al., 1981) that the size of 
the pigmented soot and the sebaceous gland tissue show a differential response 
to topical androgen stimulation: the simultaneous application of testosterone 
and progesterone (in a dose sufficient to block the conversion of testosterone 
into DHT гг. vitro) resulted in an almost complete inhibition of the stimulatory 
effect of testosterone on the size of the pigmented spot, whereas no 
significant reduction of the sebaceous structure could be observed as compared 
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to application of testosterone alone. This indicates that testosterone (or some 
other metaholite) may show an androgenic effect per se. Alternatively, it could 
mean that the applied dose of progesterone is insufficient to block the 
formation of DHT in deeper layers of the skin. 
In this paper we describe the effect of testosterone and several of its 
metabolites on the hamster flank organ. In addition, the metabolism of these 
steroids both in the hamster flank organ, in adjacent hamster skin and in 
human hair follicles has been investigated. The possible interrelationship 
between the androgenic effect of these steroids and their metabolism is 
mentioned, and implications for the human situation are discussed. 
MATERIALS AND METHODS 
Steroids 
3 3 
(1α,2α(η)- H)Testosterone (soecific activity 51 Ci/mmol), 5a-(la,2a(n)- H)-
3 
androstane-33,17ß-diol (specific activity 40 Ci/mmol), 5α-(1α,2α(η)- H)andro-
3 
stane-3<ï, 1 7ß-diol (specific activity 40 Ci/mmol) and 5a-dihydro-( 1,2,4,5,6,7- Hi-
testosterone (specific activity 101 Ci/mmol) were obtained from the Radiochanical 
3 
Centre, Amersham, England. (1,2- H(N))Androsterone (specific activity 40.8 
Ci/mmol) wab purchased from New England Nuclear. These steroids were checked 
chromatographically for radiochemical purity before each experiment. Unlabelled 
steroids were purchased from Sigma Chemical Company (St. Louis, Miss., USA) and 
from Steraloids Inc. (Wilton, N.H., USA). 
Hamster flank organ test 
The hamster flank organ test was carried out as described earlier 
(Vermorken et al., 1980a). The female hamsters were separated into eight groups 
of five animals each and treated according to the following scheme: Group I: 
acetone (control group); GrouO II: testosterone (T) (4 yg); Group III: Τ (40 ug); 
Group IV: 5(i-dihydrotestosterone (DHT) (4 pg); Group V: DHT (40 ug); Group VI: 
androsterone (ARON) (40 v-g) ; Group VII: 5a-androstane-3a, 17ß-diol (3a-diol) 
(40 -Mg); Group VITI: 5a-androstane-3ß, 17ß-diol (3ß-diol) (40 yg). As an extra 
control a grouD of five male hamsters (Group IX) treated with acetone was used. 
After 23 days of treatment the flank organs were excised for morphometrical and 
histochemical examination. 
4isto logy 
For histological and morphometrical evaluations squares of shaven skin 
containing the flank organ were pinned in a flat position on cork plates, 
quickly frozen in liquid nitrogen (-190 C) and stored in a freezer at -90 С 
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until further use. Cramo-caudal cross-sections (8 slides with each 3 sections 
of ca. 10 ym thickness per organ) were cut through the centre of the organ 
with a Walter-Dittes Cryostat at -25 C. The sections were stored at -90 С 
(3) 
for maximally 2 weeks. Sections were stained routinely with P a r a g o n ^ 
(multiple stain for frozen sections) and with haematoxylin-eosm. 
For morphometncal analysis a microscopical image of the organ was pro­
jected on a sheet of paper, at a fixed magnification, and drawn. The length of 
the organ was measured: the borderlines o£ the organ were drawn just outside 
the outer, larger sebaceous gland (compared with the small sebaceous glands of 
the normal skin). The drawings of Che sebaceous glands were cut out with a 
swivel knife (Ulano^, Switzerland) and the paper was weighed. In each gland 
structure three regions were obberved and weighed separately: the basaloid 
cell layer (regeneration zone), the degeneration zone and the central, sebum 
containing zone. Hair stuctures were classified into large hairs and small 
hairs, and counted in the largest cross-section. 
Sterozd тпРІаЪоІгш 
The metabolism of several steroids was investigated in human scalp hair 
follicles, hamster flank organ and hamster skin (females). 
Human scalp hair follicles were plucked from several areas of the scalp 
and only those with visible bulb and sheath were employed. For each measurement 
15 hair follicles were used. Hamster flank organs and pieces of hamster skin 
(of approximately the same size as the hamster flank organ) were excised and 
minced with the aid of scissors. 
The samples were incubated with the various steroids in 0.2 ml 50 mM Tris-
HC1 buffer pH 7.5, containing 0.2 M sucrose, 100 units of penicillin G/ml and 
a NADPH-generating system (1 mM NADP, 20 mM glucose-6-phosphate, 1 unit of 
glucose-6-phosphate dehydrogenase and 0.5 mM MgCl ), Radioactivity (+ 0.85 y d ) 
was added to the incubation mixture m 2 ui ethanol; the radioactive DHT was 
diluted with unlabelled DHT to a specific activity comparable with that of the 
other steroids. The samples were incubated at 37 С for 3 hours, under air. 
The isolation and quantification procedure was as described earlier 
(Vermorken et al., 1980b), with only a slight modification: for thin layer 
chromatography the plates were run twice in a solvent system of dichloromethano/ 
ether (9:1). 
RESULTS 
The results of the application of testosterone and several of its meta­
bolites to the female hamster flank organ are summarized in Table 1 and figure 
87 
Histological assessment of the response of the flank organs to treatment. 
A. Treated flank organ. 
§ t 
Group Treatment Length of sebaceous Surface of sebaceous structure Number of hairs 
structure (mm) Total I II III Total Large Small 
I 
II 
III 
IV 
V 
VI 
VII 
VIII 
IX 
acetone 
A Wg Τ 
40 ug Τ 
4 ug DHT 
40 us DHT 
40 ug ARON 
40 wg 3a-DI0L 
40 pg 3S-DI0L 
acetone (males) 
3.96 
5.60 
6.53 
6.43 
7.96 
4.54 
7.59 
3.89 
5.42 
365 
1549 
2717 
1996 
3460 
1181 
2918 
488 
3375 
12 
163 
202 
226 
362 
100 
395 
52 
388 
21 
416 
1004 
630 
1127 
310 
900 
20 
1246 
332 
970 
1511 
1140 
1971 
771 
1623 
416 
1741 
8.0 
15.0 
26.7 
39.7 
21.6 
19.6 
30.7 
8.7 
26.0 
0.5 
6.3 
9.0 
11.0 
5.3 
3.3 
6.7 
-
13.2 
7.5 
8.7 
17.7 
28.7 
16.3 
16.3 
24.0 
8.7 
12.8 
Table 1 (continued) 
Histological assessment of the response of the flank organs to treatment. 
B. Control flank organ. 
Group 
II 
III 
IV 
V 
VI 
VII 
VIII 
Treatment 
4 μ 8 Τ 
40 Mg Τ 
4 yg DHT 
40 yg DHT 
40 vs ARON 
40 pg 3a-DI0L 
40 yg 3ß-DI0L 
Length of sebaceous 
structure (ram) 
3.15 
4.95 
4.26 
5.32 
2.73 
4.72 
3.6! 
Surface 
Total 
401 
942 
591 
1266 
417 
1033 
391 
of se 
I 
35 
102 
49 
143 
29 
100 
37 
baceous 
II 
6 
175 
40 
332 
12 
210 
8 
structure 
III 
360 
665 
502 
791 
376 
722 
346 
Number 
Total 
6.3 
14.6 
13.0 
17.6 
9.3 
18.7 
13.0 
of hairs 
Large 
0.3 
2.Э 
1.0 
2.3 
-
0.7 
-
Small 
6.0 
12.3 
12.0 
15.3 
9.3 
18.0 
13.0 
I = sebum containing zone 
II - degeneration zone 
III = cuter basal cell tayer 
ilumbev of hairs counted in the largest cross section. 
00 
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Figure 1 
Visual assessment of the size of the pigmented spot of the left 
(L, treated) and right (R, control) flank organs of female hamsters. 
Groups I-IX are treated as described m 'tatenals and Methods. 
1. On Che basis of these data several remarks can be made: 
a) Application of testosterone or DHT results in a marked increase of the 
size of the pigmented spot (figure 1). The application of an amount of 
4 ug of these steroids already stimulates the growth of the pigmented 
spot to a value comparable with the value found with untreated male 
hamsters. A higher dose of 40 pg does not result in a further growth 
of the pigmented spot. From the results of the microscopical 
examination it can be seen that application of 4 yg of testosterone or 
DHT gives rise to an increase of the diameter of the sebaceous gland 
(to a value comparable with that of a male hamster) and the surface 
area of the sebaceous structure. However, this dose is insufficient to 
stimulate the latter parameter to the value of a male hamster. 
Application of 40 ug of testosterone or DHT results in a further 
increase of the surface area of the sebaceous gland (to the value 
found in untreated male hamsters). 
b) Application of 40 ug of testosterone or DHT results m a significant 
increase of the pigmented spot and the sebaceous gland at Che contra­
lateral flank organ. 
c) Application of 40 ug of androsterone results in an increase of the 
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pigmented spot and the sebaceous gland, but the effect is much smaller 
than in the case of testosterone and DHT. At this dose androsterone 
exerts only a local effect: the contralateral flank organ shows no 
differences from a control flank organ. 
d) Application of 40 pg of 5a-androstane-3a,17ß-diol gives an increase 
in the size of the pigmented spot and the sebaceous gland, comparable 
with the increase found after application of 40 pg of testosterone or 
DHT. 
e) After application of 40 pg of 5o-androstane-3ß, 17f5-diol no differences 
from a control group could be observed. 
To investigate whether these effects could be attributed to the formation 
of a more active metabolite, the metabolism of these steroids was studied in 
hamster flank organ and adjacent hamster skin. As a control human scalp hair 
follicles were used. The metabolic products obtained on incubating testosterone 
with human scalp hair follicles, hamster flank organ and hamster skin are shown 
in figure 2 and Table 2. Figure 3 gives a schematic representation of the 
metabolism in human skin. All metabolites found in the radiochromatogram could 
be assigned except for the polar metabolite (designated X) in the hamster 
samples. In the TLC—system used 5a-androstane-3a,17B—diol and 5a-androstane-
33,178-diol could not be separated. Also, no separation could be demonstrated 
between androsterone and epiandrosterone. 
Table 2 
Metabolites of testosterone, incubated with human scalp hair 
follicles, hamster flank organ and hamster skin. 
Compound isolated Human scalp Hamster flank Hamster skin 
hair follicles organ 
5a-D10N 
AD ION 
DHT 
ARON (+ epi-ARON) 
DIOL's 
X 
origin 
30.5 
169.7 
22.7 
28.7 
12.6 
0.9 
15.1 
(1.28) 
(7.12) 
(0.95) 
(1.20) 
(0.52) 
(0.04) 
(0.63) 
43.7 
84.5 
44.1 
236.2 
182.5 
153.1 
48.7 
(1.11) 
(2.14) 
(1.12) 
(6.01) 
(4.63) 
(3.89) 
(1.23) 
68.7 
118.1 
65.4 
182.8 
101.9 
61.9 
22.8 
(1.61) 
(2.78) 
(1.54) 
(4.30) 
(2.40) 
(1.45) 
(0.54) 
Quantities of radiometabolites are expressed as 
pmoles /mg DNA. 
НитЪетв in brackets represent percentage of substrate 
converted / incubation. 
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# · · 
a a' b 
Figure 2 
Autosadiogvaph of a aijromatogram of the organo-soluble metabolites 
of ( Hi-testosterone: 
a,a': incubation without tissue (blank) 
Ь,Ъ': incubation with human scalp hair follicles 
c1c': incubation with hamster flank organ (female) 
d,d': incubation with hamster skin. 
The pattern of metabolites after incubation of the various samples with 
DHT is shown in figure 4. Table 3 gives the quantitative results of the 
incubation experiments. In figure 5 and Table 4 the results of the incubation 
experiments with androsterone as a substrate are shown: in all samples 
virtually the same pattern of metabolites is formed. Only in the hamster 
samples, especially the hamster flank organ an extra, unidentified metabolite 
(designated X) is found. The results of the incubation of the androstanediols 
are shown in figure 6 (for 5a-androstane-3a,17ß-diol) and figure 7 (5a-andro-
stane-3ß, 17(3-diol). The quantitative results of the experiments are shown in 
Table 5 and Table 6 respectively. A marked difference in the metabolic 
pattern of these 2 androstanediols could be observed: whereas the metabolism 
of the 3a-diol is practically the same for all samples tested and the 
netabolites of the 36-diol in human hair follicles correspond rather well 
with those of the 3a-diol, in the hamster tissue a very marked tendency 
towards the formation of more polar metabolite.« can be observed in the case 
of the 36-diol. 
12 
• 
: : : 
a © # 
b' с с' 
5a-DION 
ADION 
DHT 
• Ш ÊÊb Ш Ш A R o N + 
w
 ^
 w
 Epi-ARON 
Τ 
DIOLS 
X 
17,8-HSO 
Testosterone 
17/5-hyclroxy-4 - androsfβηβ-
З-опе (Τ) 
5 a RI 
Ί' ОН 
i7;}-HSD 
Dihydrotestosterone 
i7^-hydroxy-5a-androsf ane-
3-one 
(DHT) 
3a-HS 
Androstanediol 
5a-androstane-3a' i17^-diol 
( 3 a - d l o l ) 
3/ÎHSD 
O 
Androstenedione 
4 - androstene-3.17 - dione 
(ADION) 
5 a R l 
Η 
Androstanedione 
Sa-and rostane-3.17-dione 
(Sa-DION) 
3a-HStt 
3ß-HSD 
t7/}-HSD 
•4 » • 
но-
Androsterone 
3a hydroxy-Sa-androstane-
n-one 
(ARON) 
3/J-Androstanediol 
Sa-androstane 3/í,17^ diol 
( ЗД d i o l ) 
HO 
rû 
Epiandrosterone 
3/í hydroxy 5»-androstane-17-οηβ 
(Epi ARON) 
Figure Ъ 
Metabolism of testosterone in the human skin. 
Abbrevations used for the enzyme reactions are: 
Sa-R: 6a-reduatase; 
J7B-A'SD.· 17 è-hydroxy steroid dehydrogenase i 
Sa-HSD: 3a-hydroxysteroid dehydrogenase; 
SSr-HSD: Sirhydroxysteroid dehydrogenase, 
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Figure 4 
Autoradiograph of a ahromatogram of the organo-soluble 
metabolites of ( Hi-dihydrotestosterone; 
Symbols as Figure 2. 
Table 3 
Metabolites of 5a-dihydrotestosterone, incubated with human 
scalp hair follicles, hamster flank organ and hamster skin. 
Compound 
5a-DI0N 
ARON 
DIOL 
origin 
isolated Human 
hair f 
201.9 
127.3 
268.0 
36.8 
scalp 
ollicles 
( 9.50) 
( 5.98) 
(12.61) 
( 1.70) 
Hamster 
organ 
25.1 
68.1 
2785.2 
49. 1 
flank 
( 0.72) 
( 1.86) 
(77.88) 
( 1.37) 
Hamster 
156.2 
33.7 
2115.5 
39.1 
skin 
( 4.09) 
( 0.88) 
(55.24) 
( 0.99) 
Quantities of radiometabolites are expressed as 
pmoles /mg DNA. 
Numbers in brackets represent percentage of substrate 
converted / incubation. 
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DHT 
ARON 
DIOL 
Χ 
«Λ Π · # » 
b b' г с ' d 
Figure S 
Autoradiograph oí a ahromatogram of the organo-soluble 
metabolites of ( H)-androsteronej 
Symbols as Figure 2. 
Table 4 
Metabolites of androsterone, incubated with human scalp hair 
follicles, hamster flank organ and hamster skin. 
Compound isolated Human scalp Hamster flank Hamster skin 
hair follicles organ 
5a-D10N 34.7 (1.29) 399.8 (8.95) 411.3 (8.56) 
DHT 6.1 (0.23) 15.7 (0.35) 12.0 (0.25) 
DIOL 116.0 (4.31) 77.7 (1.74) 36.7 (0.77) 
X - 29.0 (0.65) 9.9 (0.21) 
origin 23.0 (0.86) 101.7 (2.28) 39.3 (0.82) 
Quantities of radiometabolites are expressed as 
pmoles /mg DNA. 
Numbers in brackets represent percentage of 
substrate converted / incubation. 
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Figure 6 
Autoradiograph of a ohromatogram of the organo-soluble 
metabolites of ( H)-3a~androstanediol; 
Symbols as Figure 2. 
Table 5 
Metabolites of 5a-androstane-3oi, I 7ß-diol, incubated with human 
scalp hair follicles, hamster flank organ and hamster skin. 
Compound isolated Human scalp 
hair follicles 
Hamster flank 
organ 
Hamster skin 
5a-DI0N 
LHT 
ARON 
origin 
26.5 ( 0.98) 
35.6 ( 1.32) 
503.2 (18.66) 
64.0 ( 2.38) 
63.3 ( 1.42) 
87.8 ( 1.97) 
483.4 (10.91) 
242.8 ( 5.46) 
53.9 (1.12) 
124.7 (2.61) 
284.2 (5.94) 
130.4 (2.72) 
Quantities of radiometabolites are expressed as 
pmoles / mg DNA. 
Numbers in brackets represent percentage of substrate 
converted / incubation. 
W 
5a-DI0N 
b' • · f I 
DHT 
Epi - ARON 
3/{-DIOL 
origin zone 
Figure 7 
Autoradiogvaph of a ahromatogrcm of the огдапо-моІиЫе 
metabolites of ( H)-SR-androstanediol; 
Symbols as Figure 2 
Table 6 
Metabolites of 5a-androstane-3B»17ß~diol, incubated with human 
scalp hair follicles, hamster flank organ and hamster skin. 
Compound isolated Human scalp 
hair follicles 
Hamster flank 
organ 
Hamster skin 
5a-DI0N 
DHT 
epi-ARON 
origin zone 
7.4 ( 0.27) 
3.5 ( 0.13) 
71.5 ( 2.65) 
637.2 (23.62) 
2.0 ( 0.05) 9.9 ( 0.21) 
1.7 ( 0.04) 7.3 ( 0.15) 
4406.1 (98.58) 4182.6 (87.33) 
Quantities of radiometabolites are expressed as 
pmoles /mg DNA. 
Numbers in brackets represent percentage of substrate 
converted / incubation. 
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DISCUSSION 
The hamster flank organ test is widely used to measure the androgenic or 
antiandrogenic activity of topically applied compounds. In this test, as 
routinally used, the size of the pigmented spot is correlated with the effect 
of the compound applied. However, we have previously demonstrated that 
observation of the pigmented spot alone is insufficient for screening purposes. 
For better evaluation of the androgenic or antiandrogenic effects of the 
compounds tested we introduced the quantitative measurement of several histo-
logical parameters (Vermorken et al., I98I). 
From figure 1 it can be seen that topical application of 4 yg of testo-
sterone or DHT to female hamster is sufficient to stimulate the growth of the 
pigmented spot to a value found in untreated males, whereas a much higher dose 
is necessary for maximal stimulation of the sebaceous glands (Table 1). It can 
be concluded that for stimulation of the sebaceous glands the dose-response 
relationship is maintained till a much higher dose, so that this parameter 
might be of more use for the testing of androgenic or antiandrogenic effects. 
Very apparent is the difference in response of the application of the 
androstanediols: 3a-androstanediol and 30-androstanediol. Whereas application 
of 3a-androstanediol gave an effect comparable with testosterone and DHT, 
application of 3ß-androstanediol cojld not evoke any response at all. The 
metabolism of these steroids was studied to find out whether differences in 
metabolism might offer an explanation for this phenomenon. As a contol the 
metabolism in human scalp hair follicles was also investigated. The metabolism 
of almost all steroids tested gave similar patterns of metabolites: all 
possible metabolites that are summarized in figure 3, including DHT, were 
formed. Only in the case of 3ß-androstanediol differences were found: a marked 
tendency towards the formation of more polar metabolites could be observed. 
The differences in metabolism of 30-androstanediol may explain the failure to 
cause any androgenic effect in the hamster flank organ. However, in human 
scalp hair follicles the metabolism of 33~androstanediol was clearly different: 
the metabolites correspond rather well with those of 3a-androstanediol. This 
might indicate that the failure of 3ß-androstanediol to evoke any response in 
the hamster cannot be extrapolated to the human situation. Interspecies 
differences in metabolism may play an important role in the problems in extra-
polating results from laboratory animals to the human situation; the human 
scalp hair follicle, an easily obtainable biopsy material, can be used to 
detect such differences before costly clinical tests are carried out. 
The metabolism experiments show that DHT can be formed in the hamster 
flank organ from all steroids tested except from 3f3-androstanediol. Whether 
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DHT is the only active androgen is doubtful: it has been suggested that 
numerous active metabolites are necessary for the full expression of the 
androgenic response. The failure of cyproterone acetate to inhibit all the 
processes mediated by testosterone and its metabolites, is in agreement 
with this concept (Mainwanng, 1979). Metabolic inhibitors for the parti-
cular enzyme reaction, that are involved in the metabolism of these steroids, 
would be of great use to study the effect of steroids pfr So, but only a few 
inhibitors are available. Until effective inhibitors are available, it 
remains difficult to attribute the effects found to the steroid applied or 
to possible more active metabolites, that can be formed in the target tissue. 
ACKNOWT FDGEMENT 
The authors with to thank Ms. H.M.Th. Loermans for her skilful tech-
nical assistance. 
REFERENCES 
Ebling, F.J., Fbling, E., McCaffery, V. and Skinner, J., The response of the 
sebaceous glands of the hypophysectomized-castrated male rat to 
5a-androstanedione and 5a-androstane-3ß,176-diol. J. Invest. Dermatol., 
60 (1973) 183-187. 
Takayasu, S. and Adachi, K., The гп vivo and гп игіго conversion of testo­
sterone to dihydrotestosterone by the sebaceous gland of hamsters 
Endocrinology, 90 (1972) 73-80. 
Mainwanng, W.I.P., The biological effects of anti-androgens. Biochem. Soc. 
Trans., 7 (1979) 556-559. 
Vermorken, A.J.M., Goos, С.M.A.A. and Roelofs, H.M.J., The antiandrogenic 
effect of progesterone on the hamster flank organ. Brit. J. Dermatol., 
102 (1980a) 455-460. 
Vermorken, A.J.M., Goos, С.M.A.A. and Roelofs, H.M.J., A method for the 
evaluation of the local antiandrogenic action of 5a-reductase inhibitors 
on human skin. Brit. J. Dermatol., 102 (1980b) 695-701. 
Vermorken, A.J.M., Goos, С.M.A.A. and Wirtz, P., Fvaluation of the hamster 
flank organ test for the screening of antiandrogens. Brit. J. Dermatol., 
in the press. 
99 

chapter 9 
METABOLISM OF BENZO(A)PYRENE IN HAMSTER FLANK ORGAN 
SUMMARY 
The hamster flank organ contains an enzyme system that metabolizes the 
carcinogen benzo(a)pyrene. The metabolism found in this tissue is comparable 
to that found in other tissues of epithelial origin. 
INTRODUCTION 
A "two-stage" mechanism in the formation of tumors is generally proposed: 
a process of "initiation11 triggered by a carcinogen and a succeeding process 
of "promotion" induced by one or more agents enhancing the development of 
"latent tumor cells" into a visible tumor (Marx, 1978). It іь evident that 
somewhere along the pathway, completion of carcinogenesis can be interfered 
with. The action of hormones is a factor that can interfere with the formation 
of a tumor. The role of hormones as modifiers in chemical carcinogenesis is 
two-fold: 1. the hormone can modify the metabolism of the chemical 
carcinogens, 
2. the hormone can modify the course of tumor formation after 
the pre-cancerous lesion has been induced (Yamamoto and 
Weisburger, 1977). 
For the study of factors causing androgen-dependent tumors (e.g. the prostate 
tumor) it would be useful to have an animal model that allows local application 
of carcinogens and hormones on hormone-dependent structures. The hamster flank 
organ fulfills these criteria in so far that it responds to local application 
of androgens. However, it has never been reported that it metabolizes 
carcinogens such as polycyclic aromatic hydrocarbons (e.g. ben7o(a)pyrene) in 
a way comparable to human tissues. 
MATERIALS AND METHODS 
ChemvcaIs 
3 
(G- H)Benzo(a)pyrene (specific activity 65 Ci/mmol) was obtained from 
the Radiochemical Centre (Amersham, England). Benzo(a)pyrene was purchased 
from Aldnch Europe (Beerse, Belgium). 
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Tissue preparation 
Random bred female Syrian golden hamsters were used. The animals were 
sacrificed and shaved on Che dorsal surface with an electric hair clipper to 
expose the flank organs. An area of skin containing the flank organ was 
excised and washed with a 0.9 % sodium chloride solution. Subcutaneous fat 
was removed using a scalpel. The hamster flank organs were then excised, 
minced with the aid of scissors and used for the determination of aryl hydro­
carbon hydroxylase activity. 
Aryl hydrocarbon hydroxylase detemtnation 
A. Fluonmetncal determination. 
The crudely minced tissue was incubated m 200 μΐ incubation medium (50 mM 
Tris-HCl buffer, pH 7.5, containing 0.2 M sucrose, 100 units of penicillin 
G/ml, 2 mM NAÜPH and 3 mM MgCl.). Ben7o(a)pyrene was added in 2 μΐ of DMSO-
ethanol (1.1 (v:v)) to a final concentration of 250 μΜ. The tissue was 
incubated at 37 С for one hour. The reaction was terminated by the addition 
of an equal volume of cold acetone. The extraction procedure was as described 
by Nebert and Gelboin, 1968). The fluorescence of the samples was measured 
using a Perkin Elmer 650-40 fluorescence spectrophotometer at an excitation 
wavelength of 396 nm and an emission wavelength of 522 nm. 
B. Radiochemical determination. 
The minced tissue was incubated in 1 ml of incubation medium. Radioactive 
benzo(a)pyrene (+ 1 μΟι) was added. The tissue was incubated at 37 С for 
one hour. The procedures for the extraction and chromatographic separation 
were as described earlier (Goos et al., 1981). 
RESULTS 
Incubation of hamster flank organ with benzo(a)pyrene resulted in the 
formation of several metabolites In the fluorescence assay the formation 
of 3-hydroxybenzo(a)pyrene was measured, whereas in the radiochemical method 
the total organo-soluble metabolites were measured. In the fluorescence 
assay the excitation and emission spectra of the samples were recorded and 
compared with those of a reference solution of 3-hydroxybenzo(a)pyrene 
(obtained from IIT, Chicago). For both sample and reference compound the 
optimum in the excitation spectrum was found at 396 ran and the optimal 
fluorescence in the emission spectrum was found at 522 nm. This indicates 
that the metabolite measured is indeed 3-hydroxybenzo(a)pyrene. The rate 
of 3-hydroxybenzo(a)pyrene formation was 2.4 ± 0.4 fluorescence units / 
flank organ / hour. 
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In the radiochemical aryl hydrocarbon hydroxylase assay other organo-
soluble metabolites besides 3-hydroxybenzo(a)pyrene can be measured. The 
result of an incubation experiment is shown in figure 1, The metabolites 
ЩЩ 
f З О Н - B P 
7.8-diOl 
9.10-diol 
m 
a b 
Figure 1 
Autoradiograph of a chromatogram of the ethylaoetate 
soluble metabolites of iff- U)bemo(aipyrene in hamster 
flank organ. 
a: incubation without tissue (blank) 
b: incubation with hamster flank organ 
BP = benzo (a)pyrene 
Ζ OH~BP = 3-hydroxybenzo(a)pyrene 
7,8-diol = 7
s
8-dihydro-7,8-dihydroxybemo(aipyrene 
9,10-diol - 9ylO-dihydro-9,ÍO-dihydroxybenzo(alpyrene. 
m 
formed were 3-hydroxybenzo(a)pyrene, trans-7t8-dihydro-7,8-dihydroxybeTizo(a)-
pyrene and trans-9,10-dihydro-9,lO-dihydroxybenzoCaJpyrene, as was confirmed 
by co-chromat:ography with reference compounds. The pattern of radiometabolites 
is comparable to that found in other tissues of epithelial origin (Vermerken 
et al., 1979; Goos et al., 1981; Goos et al., submitted for publication). 
DISCUSSION 
It is concluded that the hamster flank organ, an androgen-dependent 
tissue, contains two enzymes that play a major role in the metabolism of 
polycyclic aromatic hydrocarbons: aryl hydrocarbon hydroxylase (АНН) and 
epoxide hydratase (EH) (for a schematic representation of the metabolism of 
polycyclic aromatic hydrocarbons: see CHAPTER 4). The in vivo level of the 
enzyme aryl hydrocarbon hydroxylase has been related to the susceptibility 
to tumor formation (Thorgeirsson and Nebert, 1977). 
The Syrian golden hamster in general is a very useful animal model for 
cancer research. This is due to: 
1. its relatively low incidence of spontaneous tumors; 
2. its relatively low number of endogenous viruses; 
3. its relatively high susceptibility to chemical 
carcinogenesis. 
In addition we found that the hamster flank organ which is easily accessible 
to application of both steroids and carcinogens, metabolizes polycyclic 
aromatic hydrocarbons in a way comparable to formerly used mouse models. 
For this reason the Syrian golden hamster may also be suitable as a model 
for studies concerning androgen-dependent tumors. 
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summary 
Epidemiological studies have shown that about 80 % of all human tumors 
are caused by environmental factors. One of the major known factors is 
cigarette smoking. Cigarette smoke contains numerous carcinogenic substances, 
such as polycyclic aromatic hydrocarbons which are metabolized m the tissue 
to more polar products by the enzyme aryl hydrocarbon hydroxylase (АНН). 
During this process epoxides, that are considered to be the ultimate carcino­
gens, are formed. The АНН activity and the susceptibility towards cancer (as 
a result of exposure to polycyclic aromatic hydrocarbons) are, as demonstrated 
in laboratory animals, both interrelated and genetically determined. Since 
the metabolism of polycyclic aromatic hydrocarbons may differ from cell-type 
to cell-type and the major part of all human cancers arises in epithelium, it 
seems rational to study the relationship between АНН activity and cancer 
susceptibility with the aid of epithelial tissues. 
The human hair follicle is an easily obtainable bioosy material of 
epithelial origin. This material can be used successfully for studying 
metabolic processes. It contains an enzyme system, the monooxygenase system, 
that is involved in the conversion of both endogenous and xenobiotic compounds. 
In Chapter 1 the monooxygenase system is characterized using the endogenous 
substrate dehydroepiandrosterone, a hormone that is synthesized in the adrenal 
gland. In Chapter 2 it is demonstrated that polycyclic aromatic hydrocarbons 
are also hydroxylated by this enzyme system. From our results it could be 
concluded that the hair follicle contains both aryl hydrocarbon hydroxylase 
and epoxide hydratase. 
The epithelial tissues that are the main sites of exposure to environmental 
pollutants are those of lung and skin Experiments m which the effect of 
exposure to chemical carcinogens is studied cannot be done on humans for ethical 
reasons. Most studies on the effect of exposure to chemical carcinogens are 
carried out on mice. In order to extrapolate the results of these experiments 
to the human situation it is advisable to compare the metabolism of these 
substances in laboratory animals with that in humans. In Chapter 3 it is shown 
that the metabolism of benzo(a)pyrene (a polycyclic aromatic hydrocarbon) in 
both mouse lung and skin is comparable to that m the human hair follicle. 
Exposure to foreign compounds may cause other types of damage besides the 
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development of cancer. For instance, in the eye lens, an organ with no risk 
for cancer development (as far as is known), the occurrence of cataract as a 
result of exposure to naphthalene and acetaminophen has been described. The 
presence of a monooxygenase system in the eye lens (as demonstrated in 
Chapter 4), that is capable of metabolizing these substances may offer an 
explanation for the development of this type of cataract. Epoxides that are 
formed during the metabolic process may disturb lens metabolic pathways that 
are involved in the maintenance of the transparacy of this organ. 
In Chapter 1,2 and 3 we have discussed the way in which the metabolism 
of polycyclic aromatic hydrocarbons may play a role in tumor initiation. 
Epoxides formed from the hydrocarbons may react with cellular macromolecules, 
thereby disturbing all kinds of regulatory processes. In addition to tumor 
initiation, also tumor promotion plays a role in the development of cancer. 
During this process latent tumor cells develop into invasive tumors. Hormones 
may play a role in tumor promotion. In order to obtain a better understanding 
of the underlying mechanisms we have studied the metabolism of androgens 
using the hamster as an animal model. At the same time, using this animal 
model, we have demonstrated that dihydrotestosterone, which from a quantitative 
point of view is only a minor metabolite, is in fact the active androgen in 
this target tissue. In Chapter 5 and 6 these results are described. In Chanter 
8 further evidence is provided for the assumption mentioned above: most 
metabolites of testosterone were studied with regard to their androgenic 
activity as well as their metabolism It appeared that the androgenic activity 
of the metabolites was more or less proportional to the rate at which they 
were metabolized into dihydrotestosterone. It seems obvious that dihydro-
testosterone, that plays such as important role in the hamster flank organ, 
may also be of the utmost importance in processes involved in tumor promotion. 
The results mentioned in Chapter 8 could be obtained thanks to the fact 
that we improved the hamster flank organ test, a method that is generally 
used for measurement of androgenic effects. The improved method is described 
in Chapter 7. This improvement involved the application of histological 
techniques. In this way not only better quantitative results could be obtained, 
but it could also be demonstrated that different parameters of the hamster 
flank organ such as the size of the pigmented spot, the size of the sebaceous 
gland and the number of hair follicles show a different reaction to hormonal 
stimuli. The improved method could be of great value in investigations 
concerning the development of new antiandrogens, that may be useful for the 
treatment of several skin diseases. 
Finally we demonstrate that in the hamster flank organ, that has an 
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androgen-dependence comparable to that of the human prostate, the enzyme aryl 
hydrocarbon hydroxylase does occur. The hamster flank organ seems therefore 
to be an ideal model for studying the relationship between tumor initiation 
by polycyclic aromatic hydrocarbons and tumor promotion by steroids. The 
techniques and results that are described in this thesis may hopefully be 
employed in further investigations in this field. 
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samenvatting 
Epidemiologische studies hebben aangetoond dat ongeveer 80 % van alle 
menselijke tumoren veroorzaakt worden door omgevingsfactoren. Een van de be­
langrijkste tot nu toe bekende factoren is het roken van sigaretten. Sigaretten­
rook bevat namelijk talloze kankerverwekkende stoffen o.a. polycyclische aro­
matische koolwaterstoffen. Polyclische aromatische koolwaterstoffen worden in 
het weefsel omgezet in meer hydrofiele producten door het enzym arylkoolwater-
stof hydroxylase (ΑΚΗ). Tijdens dit proces ontstaan epoxiden, die beschouwd 
worden als de eigenlijke carcinogenen. De ΑΚΗ activiteit en de gevoeligheid 
voor kanker (als gevolg van blootstelling aan polycyclische aromatische kool­
waterstofeen) zijn, zoals bij proefdieren aangetoond is, aan elkaar gerelateerd 
en erfelijke bepaald. Aangezien het metabolisme van polycyclische aromatische 
koolwaterstoffen van celtype tot celtype kan verschillen, en het overgrote deel 
van alle kankers in epitheelweefsel ontstaat, ligt het voor de hand de relatie 
ΑΚΗ activiteit en kankersusceptibiliteit te onderzoeken aan epitheelweefsel. 
De menselijke haarwortel is een eenvoudig te verkrijgen biopsie-materiaal 
van epitheliale oorsprong. Dit materiaal kan met succes worden gebruikt voor 
het bestuderen van metabole processen. De haarwortel bevat een enzymsysteem, 
het monooxygenase, dat bij de omzetting van zowel lichaamseigen als lichaams-
vreemde verbindingen is betrokken. In hoofdstuk 1 is het monooxygenase systeem 
van de haarwortel gekarakteriseerd, gebruik makend van het lichaamseigen 
substraat dehydroepiandrosteron, een hormoon dat wordt gevormd in de bijnier. 
In hoofdstuk 2 wordt aangetoond dat ook polycylische aromatische koolwater­
stoffen worden gehydroxyleerd door dit enzymsysteem. Uit onze resultaten bleek 
verder, dat behalve het arylkoolwaterstof hydroxylase, ook het epoxide hydratase 
in de haarwortel aanwezig is. 
De epitheliale weefsels die het meest blootstaan aan lichaamsvreemde 
verbindingen uit de omgeving zijn de longen en de huid. Experimenten waarbij 
het effect van blootstelling aan chemische carcinogenen wordt bestudeerd, 
kunnen om ethische redenen niet bij de mens worden uitgevoerd. De meeste onder­
zoekingen naar het effect van blootstelling aan chemische carcinogenen worden 
verricht aan muizen. Om de resultaten van deze experimenten te kunnen extrapo­
leren naar de mens is het raadzaam het metabolisme van deze verbindingen in 
het proefdier te vergelijken met dat van de mens. In hoofstuk 3 is aangetoond 
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dat het metabolisme van benzo(a)pyreen (een polycylisch aromatisch kool-
waterstof) in long en huid van de muis vergelijkbaar is met dat in de mense-
lijke haarwortel. 
Expositie aan lichaamsvreemde stoffen kan nog andere schadelijke gevolgen 
hebben dan het ontstaan van kanker alleen. Zo is bijvoorbeeld in de ooglens, 
een orgaan waarin de kans op het ontstaan van kanker (voor zover bekend) nihil 
is, het ontstaan van cataract beschreven als gevolg van blootstelling aan 
naftaleen en aceetaminofeen. De in hoofdstuk 4 aangetoonde aanwezigheid van 
een monooxygenase systeem in de ooglens, dat in staat is deze verbindingen te 
metaboliseren geeft een mogelijke verklaring voor het ontstaan van deze vorm 
van cataract. De tijdens het metabolisme van deze verbindingen gevormde epo-
xiden zouden het lens metabolisme zoals dat noodzakelijk is voor het in stand 
houden van de lichtdoorlaatbaarheid van het orgaan kunnen verstoren. 
In de hoofdstukken 1,2, en 3 is gesproken over de wijze waarop het metabo-
lisme van polycyclische aromatische koolwaterstoffen een rol zou kunnen spelen 
bij de tumor-initiatie. Immers, de gevormde epoxiden geven een grote kans op 
binding aan cellulaire macromoleculen, waardoor allerlei processen kunnen wor-
den ontregeld. 
Behalve de tumor-initiatie speelt bij het ontstaan van kanker ook tumor-
promotie een rol. Bii dit proces ontwikkelen latente tumorcellen zich tot 
invasieve tumoren Hormonen kunnen bi] de tumor-promotie een rol spelen. Om 
een beter begrip van de mechanismen die daaraan ten grondslag liggen, hebben 
wij het metabolisme van androgenen bestudeerd, gebruik makend van de hamster 
als proefdier. Tevens hebben wij met dit proefdiermodel aangetoond dat dihydro-
tescosteron, kwantitatief gezien slechts een minder belangrijke metaboliet, in 
feite het actieve androgeen is in dit targetweefsel. In de hoofdstukken 5 en 6 
worden deze resultaten beschreven. In hoofdstuk 8 wordt nog meer bewiis aange-
voerd voor de veronderstelling dat dihydrotestosteron het actieve androgeen is; 
de meeste metabolieten van testosteron werden hier bestudeerd, zowel voor wat 
betreft hun androgene werkzaamheid als hun metabilsme. Het bleek dat de andro-
gene werkzaamheid van de metabolieten vrijwel steeds kon worden afgemeten aan 
de mate waarin de in dihydrotestosteron konden worden omgezet. Het ligt voor 
de hand aan te namen dat dihydrotestosteron, dat in het hamster flankorgaan 
zo'n essentiële rol speelt, ook m grote mate bepalend zou kunnen zijn bij pro-
cessen die betrokken zijn bij de tumor-promotie. 
Het verkrijgen van de gegevens in hoofdstuk 8 was mogelnk dankzij het 
feit dat wij de hamster flankorgaan test, waarmee in het algemeen androgene 
effecten worden gemeten, sterk hebben verbeterd. Dit gebeurde door het toe-
passen van histologische technieken. Niet alleen werd de test hierdoor veel 
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beter kwantitatief, ook kon worden bewezen dat niet alle parameters van het 
hamster flankorgaan (grootte van de pigmentvlek, grootte van de talgklier, 
aantal haarwortels etc.) op dezelfde wijze op hormonale stimuli reageren. De 
verbeterde methode staat beschreven in hoofdstuk 7. Deze verbeterde methode 
zou van groot nut kunnen zijn bij het ontwikkelen van nieuwe antiandrogenen, 
die gezocht worden voor de behandeling van een aantal huidziekten. 
Tenslotte tonen we aan dat het hamster flankorgaan, dat op vergelijkbare 
wijze als de menselijke prostaat van androgene hormonen afhankelijk is, ook 
het enzym arylkoolwaterstof hydroxylase bevat. Het hamster flankorgaan lijkt 
dus om deze redenen een ideaal model voor het bestuderen van de samenhang van 
tumor-initiatie door polycylische aromatische koolwaterstoffen en tumor-
promotie door Steroiden. Bij verder onderzoek in deze richting zullen de in 
dit proefschrift beschreven technieken en gegevens van belang kunnen zijn. 
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STELLINGEN 
1. De classificatie die door Frost et al. wordt gebruikt 
voor de beoordeling van de grootte van het hamster flank-
orgaan is onduidelijk. 
P. Frost, J.L. Giegel, G.D. Weinstein and 
E.G. Gomes, J. Invest. Dermatol., 61 (1973) 
1S9-167. 
2. Gezien de toegenomen immigratie van personen uit gebieden 
met een hoge incidentie van glucose-6-fos£aat dehydro-
genase deficiëntie, is het wenselijk artsen te wijzen op 
het mogelijke optreden van hémolyse bij het gebruik van 
bepaalde medicijnen. 
3. Het onderzoek op het gebied van acne en hirsutisme wordt 
sterk belemmerd door het ontbreken van geschikte model-
systemen. 
4. Ten onrechte wordt door Kellermann et al. bij de evaluatie 
van de relatie tussen individuele verschillen in metabolisme 
van carcinogenen en genetische predispositie voor kanker 
uitsluitend gekeken naar metabolieten waarvan de carcinogene 
en mutagene potentie, zoals gebleken is uit dierproeven, 
gering is. 
C. Kellermann, C.R. Shaw and M. Luyten-Kellermann, 
N. Engl. J. Med., 289 (1973) 936-940. 
J. Kapitulnik, W. Levin, И. ïagi, D.M. Jerina and 
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5. Gezien het feit dat het steady-state niveau van biologisch 
actieve intennediairen van carcinogenen afhangt van de balans 
tussen activerende en detoxificerende metabole routes in het 
betreffende, vaak extrahepatische target-orgaan, is het 
onrealistisch uitsluitend subcellulaire preparaten van de 
lever te gebruiken als modelsysteem in de chemische carcino-
genese. 
6. De door Götzfried en Beek getabelleerde chemical shift van 
het syn-ortho-proton van het fluoreen-sulfide in het complex 
PtC'(PPh,)2(C H CSO) ] behoort in werkelijkheid toe aan die 
van het ongecomplexeerde sulfine С H.C-S^. 
F. Götzfried und W. Beak, J. Organomet. ehem., 
191 (1980) 529-338. 
J.W. Gosselink, G. van Koten, К. Vrieze, 
В. Zwanenburg and B.H.M. Larmerink, J. Organomet. 
Chem., 179 (1979) 411-419. 
7. Het verwerken van fictieve gegevens tot een wetenschappelijke 
publicatie kan met recht worden bestempeld tot 'science 
fiction'. 
I. Asimov, The endoahronia properties of 
resublimated thiotimoline (1948). 
8. De toenemende invoering van project research gaat gepaard 
met een nog sterkere toename van administratieve werkzaam­
heden* 
9. Gezien de toenemende betekenis van de haarwortel in het 
biomedisch onderzoek, dient de term haarkloverij niet langer 
negatief te worden opgevat. 
Elly Goos 
Nijmegen, II februari 1982 



